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 Abstract 
 
This study of the Jurassic and Cretaceous marine ostracod faunas of Western Australia 
covers two major areas of research. 
 
Part 1 investigates the Jurassic to Early Cretaceous marine ostracod faunas of Western 
Australia, their temporal changes, and their links with other, primarily Gondwanan, 
ostracod faunas. Interpretation of this data illuminates the chronology of fragmentation 
of Gondwana, the development of new seaways, and helps significantly in developing a 
scenario for the overall evolution of the Indian Ocean. 
 
In the Early Jurassic, the ostracod faunas of northwestern Europe (western end of 
Tethys) and the NW coast of Australia (eastern end of southern Tethys) indicated that 
there was little variation in depositional conditions along the extensive northern 
Gondwana marine shelf. By the Late Jurassic a distinctive Indian Ocean ostracod fauna 
had developed, which was characterised by the Gondwanan genera Majungaella and 
Arculicythere. By the Barremian, the occurrence of Rostrocytheridea in Western 
Australia, which had previously been restricted to South Africa and Argentina, indicated 
that a new province, the Austral Province, had been initiated. By the Late Aptian, 
Arculicythere tumida Dingle, 1971 and Robsoniella falklandensis Dingle, 1984 had 
migrated into the new seaway between India, Antarctica and Western Australia, and the 
cool West Wind Drift current encircling Antarctica, Australia and Papua New Guinea 
resulted in the formation of an Austral Province. 
 
The first appearance of species that belong to the diverse Turonian to Maastrichtian 
ostracod fauna occurs during the second stage of the Cenomanian/Turonian boundary 
event (CTBE), including the earliest known representatives of the pectocytherids. The 
CTBE marks the demise of the Albian to Late Cenomanian ostracod fauna and 
culminates in the deposition of dark brown/green shales on the Exmouth Plateau. 
 
Part 2 is a taxonomic study of the Late Maastrichtian marine ostracod fauna of the Miria 
Formation and its offshore equivalents from the Northern and Southern Carnarvon 
Basins. The ostracod fauna of the Northern Carnarvon Basin was sparse and of low 
diversity, but that of the Southern Carnarvon Basin was rich and diverse. The combined 
ostracod fauna consisted of 103 species from 59 genera and 19 families. Twenty-one 
new species have been described here, whilst others have been left in open 
nomenclature. The new species are Cytherella batei, Cytherella alatapunctata, 
Cytherella campanamutus, Cytherella miriaensis, Cytherella greyi, Cytherelloidea 
labrumrugosum, Cytherelloidea punctaspirata, Cytherelloidea fossaespirata, 
Cytherelloidea giraliaensis, Cytherelloidea costainterrupta, Loxocythere (Loxocythere) 
tripromontoria, Vandiemencythere ayressi, Collisarboris fimbriae, Debissonia alata, 
Debissonia papillata, Retibythere (Retibythere) carnarvonensis, Retibythere 
(Retibythere) giraliaensis, Glencoeleberis jellineki, Toolongella batei, Cletocythereis 
trifolium and Alatapacifica mesoreticulata. 
 
The palaeobiogeographic affinities of this ostracod fauna revealed that numerous 
shallow and deep marine genera originated in this area and dispersed via the Antarctic 
 margin into the South Atlantic Ocean, and subsequently the North Atlantic Ocean and 
the Mediterranean. Many also migrated via the Indo-Pacific Ocean into the southwest, 
northwest and central Pacific Ocean and the western Indian Ocean. 
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Chapter 1 
Introduction 
 
Significance of Study 
 
This study of the Jurassic and Cretaceous marine ostracod faunas of Western Australia 
covers two major areas of research. Part 1 is a palaeobiogeographical study of the 
Jurassic and Early Cretaceous marine ostracod faunas of the Northern and Southern 
Carnarvon Basins, the surrounding Argo, Gascoyne and Cuvier Abyssal Plains, the 
northern Perth Basin, to the south of the Southern Carnarvon Basin, and the Perth 
Abyssal Plain. Part 2 is a taxonomic study with remarks on palaeobiogeographic 
affinities of the Late Maastrichtian marine ostracod fauna of the Miria Formation and its 
offshore equivalents from the Northern and Southern Carnarvon Basins. 
 
The Argo Abyssal Plain formed by sea-floor spreading in the Oxfordian (Late Jurassic) 
when the West Burma Block drifted away from the northwest margin of Australia 
(Heine & Müller, 2005). This created the northeast Indian Ocean. The Gascoyne 
Abyssal Plain and the Cuvier Abyssal Plains formed by sea-floor spreading in the Late 
Valanginian when Greater India separated from Australia/Antarctica (Romine et al., 
1997; Longley et al., 2002; Robb et al., 2005). As Greater India and Australia/Antarctica 
drifted further apart the southeast Indian Ocean was formed and regional thermal 
subsidence created the Australasian-type passive continental margin, which 
characterises the western Australian coastline (Young et al., 2001). 
 
Part 1 investigates the Jurassic to Early Cretaceous marine ostracod faunas of Western 
Australia, their temporal changes, and their links with other, primarily Gondwanan, 
ostracod faunas. Interpretation of this data illuminates the chronology of fragmentation 
of Gondwana, the development of new seaways, and helps significantly in developing a 
scenario for the overall evolution of the Indian Ocean. 
 
The stratigraphic distribution of the mid-Late Cretaceous ostracods of the Northern 
Carnarvon Basin is provided to bridge the gap between Part 1 and Part 2, and to 
demonstrate the dramatic faunal dichotomy that occurs at the Cenomanian/Turonian 
boundary. The diverse Turonian to Maastrichtian ostracod fauna that recolonised the 
region after the Cenomanian/Turonian boundary event (CTBE) is entirely different to 
that of the Middle Albian to Late Cenomanian, with the exception of Paramunseyella 
sp., Ginginella sp., Semicytherura augusta Neale, 1975 and Cytherella cf. jonesi Neale, 
1975. These four species first appear in the Upper Cenomanian Rotalipora extinction 
Planktonic Foraminiferal Subzone, during the second stage of the CTBE, which 
represents a change from an expanding oxygen minimum zone, to a water column 
influenced by intense upwelling of oxygenated, nutrient-rich deeper water and a Late 
Cenomanian marine transgression. The migration of these four species into the region 
may indicate the expansion of cooler water Austral faunas into the region, and 
correspond with the expansion of cooler water Boreal faunas into the northern Tethys. 
Paramunseyella sp. and Ginginella sp. also represent the earliest known occurrences of 
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their genera and the Family Pectocytheridae, which subsequently diversified in this 
region. 
 
The third stage of the CTBE is associated with maximum biotic stress and oceanic 
anoxia due to significant expansion and intensification of the oxygen minimum zone at 
the height of the marine transgression and global warming, and on the Exmouth Plateau 
it culminates in the deposition of dark brown/green shales in Eendracht-1 and 
Scarborough-1. 
 
Part 2 is a taxonomic study of the Late Maastrichtian marine ostracod fauna of the Miria 
Formation and its offshore equivalents from the Northern and Southern Carnarvon 
Basins. The ostracod fauna of the Northern Carnarvon Basin was sparse and of low 
diversity, but that of the Southern Carnarvon Basin was rich and diverse. The combined 
ostracod fauna consisted of 103 species from 59 genera and 19 families. Whilst twenty-
one new species have been described here, others have been left in open nomenclature 
and will be investigated further at a later date. Also, the material from the UWA 
Cardabia stratigraphic hole and the Exac-10 borehole requires further investigation as 
this study only takes into account part of their ostracod faunas. 
 
Nevertheless, the palaeobiogeographic affinities of this ostracod fauna revealed that 
numerous shallow and deep marine genera originated in this area and dispersed via the 
Antarctic margin into the South Atlantic Ocean, and subsequently the North Atlantic 
Ocean and the Mediterranean. Many also migrated via the Indo-Pacific Ocean into the 
southwest, northwest and central Pacific Ocean and the western Indian Ocean. 
 
The new species described in this study are Cytherella batei, Cytherella alatapunctata, 
Cytherella campanamutus, Cytherella miriaensis, Cytherella greyi, Cytherelloidea 
labrumrugosum, Cytherelloidea punctaspirata, Cytherelloidea fossaespirata, 
Cytherelloidea giraliaensis, Cytherelloidea costainterrupta, Loxocythere (Loxocythere) 
tripromontoria, Vandiemencythere ayressi, Collisarboris fimbriae, Debissonia alata, 
Debissonia papillata, Retibythere (Retibythere) carnarvonensis, Retibythere 
(Retibythere) giraliaensis, Glencoeleberis jellineki, Toolongella batei, Cletocythereis 
trifolium and Alatapacifica mesoreticulata. 
 
Geological Setting 
 
Geographically, the Northern Carnarvon Basin part of this region includes both the 
Exmouth Plateau and the southern end of the North West Shelf, which has been named 
the Exmouth-Barrow Margin by Young et al. (2001). This passive margin formed after 
the breakup of Greater India and Australia in the Early Valanginian (Young et al., 
2001). The Southern Carnarvon Basin part of this region includes the relatively stable 
Southern Carnarvon Platform, where shallow marine sediments accumulated for most of 
the Barremian to Maastrichtian (Howe et al., 2000). 
 
Figure 1.1 depicts the location of the four petroleum exploration wells (Eendracht-1, 
Scarborough-1, Zeewulf-1, Outtrim-1), the UWA Cardabia stratigraphic hole, the KG-1 
outcrop and the Exac-10 borehole studied in this thesis, and Barrabiddy-1 (from which 
the author was sent ten ostracod specimens to identify). It also includes the locations of  
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Figure 1.1. Bathymetric map of the Exmouth Plateau and southern North West Shelf 
(derived from Exon & von Rad, 1994) highlighting the position of Eendracht-1, 
Scarborough-1, Zeewulf-1, Outtrim-1, KG-1 outcrop, UWA Cardabia stratigraphic hole 
and Exac-10 borehole studied in this thesis, and Barrabiddy-1 (Mory & Yasin, 1999) 
(from which ten ostracod specimens were recovered by Barry Taylor). Other sites 
pertaining to previous Mesozoic ostracod studies in the region are also indicated. These 
include the three wells studied by Bate (1972: Rough Range-4, Rough Range South-1 
and Yanrey-1), two of the wells studied by Lord et al. (1993: Brigadier-1 and Gandara-
1), Sites 761, 762, 763 and 764 of Leg 122 of the Ocean Drilling Program (Haq et al., 
1990), Sites 259 (=C), 260, 261 (=A) and 263 of Leg 27 of the Deep Sea Drilling Project 
(Veevers et al., 1974), and the northern Perth Basin Bringo (=B) (Malz & Oertli, 1993; 
Lord et al., 2006) and Gingin (=D) (Neale, 1975) localities. Sites 765 and 766 of Leg 
123 of the Ocean Drilling Program (Gradstein et al., 1990) are also included. 
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other Mesozoic ostracod studies in the region and the ODP Leg 123 Sites 765C (on the 
southernmost part of the Argo Abyssal Plain) and 766A (on the western margin of the 
Exmouth Plateau, at the boundary between the Cuvier and Gascoyne Abyssal Plains). 
 
The ostracods for this study were collected from an investigation of 210 processed 
micropalaeontological residue samples. All of the Upper Maastrichtian samples of the 
onshore Southern Carnarvon Basin yielded ostracods. These samples consisted of 30 
samples from the KG-1 outcrop, 4 samples from the UWA Cardabia stratigraphic 
hole,and 4 samples from the Exac-10 borehole.  Ostracods were also collected from two 
Lower Maastrichtian Korojon Calcarenite samples of the UWA Cardabia stratigraphic 
hole. In addition, Barry Taylor from the University of Western Australia collected ten 
ostracod specimens from Barremian samples of Barrabiddy-1, of the onshore Southern 
Carnarvon Basin. SEM images of these ostracod specimens were given to the author for 
identification. The Albian to Maastrichtian samples of the four petroleum exploration 
wells drilled in the offshore Northern Carnarvon Basin did not always yield ostracods. 
These samples consisted of 5 samples from Outtrim-1, 75 samples from Zeewulf-1 (46 
of which were barren with respect to ostracods), 32 samples from Scarborough-1 (with 
13 barren) and 58 samples from Eendracht-1 (with 11 barren). 
 
Previous Work 
 
Australian Cretaceous Ostracod Faunas 
 
Ostracods are microcrustaceans that live in fresh, brackish, saline and hypersaline 
waters, and even in forest humus. Their bodies are enclosed within a bivalved carapace 
made of low-Mg calcium carbonate, which is moulted as they grow. While some 
myodocopid ostracods are planktonic, most ostracods and their larvae are benthonic. 
They usually swim just above, crawl on or burrow into organic-rich muds or fine sands. 
Their distribution depends upon various environmental factors, such as water 
temperature, salinity, chemistry (including oxygen concentration) and depth, as well as 
the type of substrate, the physico-chemical equilibrium at the sediment-water interface, 
the hydrodynamic level and the availability and competition for food resources (see 
synthesis in Whatley, 1983a, and papers in De Deckker et al., 1988). This makes them 
ideal for palaeoenvironmental and palaeobathymetric analysis. 
 
The eggs (especially the encysted, dessication-resistant eggs of freshwater ostracods), 
larvae and adults of ostracods that live in freshwater and oligohaline environments can 
be passively distributed by wind, drifting vegetation, birds, fish, water insects, tides, and 
storms (Puri, 1971; Teeter, 1973), and marginal marine ostracods have a wide 
distribution due to the impact of tides, strong winds, storms and currents (Puri, 1971). 
 
Most marine invertebrates are dispersed by the passive transportation of their planktonic 
larval stages in ocean currents or by rafting of adults upon floating objects on the sea 
surface (Scheltema, 1977). Ostracods do not have planktonic larvae, and Titterton and 
Whatley (1988) note that marine podocopid Ostracoda “can only migrate as far as they 
can ‘walk’ or be swept by currents, during their lifetime, usually less than one year.” 
This makes them ideal for palaeobiogeographic reconstructions, as they can only travel 
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short distances and it is essential that the ecological conditions along a particular 
migratory pathway remain stable, for the most part, so that there are no barriers to 
migration. For longer distances, Titterton and Whatley (1988) envisaged “a series of 
small-scale but rapid saltations” without significant distances of “unsuitable conditions.” 
 
Puri (1971) gives examples where bottom and surface ocean currents influenced the 
distribution of benthonic marine ostracods, including the dispersal of nearshore shallow 
marine ostracods from the Gulf of Naples into the deeper offshore environment. Teeter 
(1973) suggested that several Recent tropical ostracod species have a trans-oceanic 
distribution due to their transportation on floating marine algae via equatorial oceanic 
currents. Teeter (1973) believed that inter-oceanic dispersal was probably prevented by 
the death of the tropical ostracods when they drifted into the colder temperatures of the 
higher latitudes. However, during periods of global warming in the past, the cold 
temperatures that formed a barrier to inter-oceanic dispersal were ameliorated as warm 
currents extended their reach into the higher latitudes. 
 
Briggs (1999) notes that a small East Indies triangle, formed by the Philippines, the 
Malay Peninsula and New Guinea, in the Indo-West Pacific Ocean, became a center of 
high diversity in the middle Eocene and by the late Miocene it was a well established 
center of evolutionary radiation. Since the Miocene closure of Tethys, various shallow 
marine ostracod species migrated outwards from the East Indian-Southwest Pacific 
Ocean area, and down diversity gradients, along the contiguous or near contiguous 
continental shelf, within a tropical-subtropical climatic zone, that extended “from the 
Solomon Islands and northern Australia via the Indonesian Archipelago and the Malacca 
Straits, around the northern coast of the Indian Ocean to the Arabian and East African 
Provinces” and also “northwards into the Gulf of Siam and the South China Sea” 
(Whatley, 1987). Surface ocean currents assisted their migration, with barriers to 
migration including “long distances of deep open water” and changes in temperature 
along continental margins (Titterton & Whatley, 1988). 
 
Since ostracods are particularly useful for plate tectonic reconstructions and 
demonstrating the opening of new seaways, one of the aims of this thesis is to use the 
palaeobiogeographic distribution of Western Australian marine ostracods during the 
Jurassic and Early Cretaceous to demonstrate the fragmentation of Gondwana, and in 
particular, the formation of the Indian Ocean. The other aim is to demonstrate that the 
origin of many deep-sea and shallow marine Late Cretaceous and Cenozoic ostracod 
genera occurred in the shallow shelf deposits of Western Australia. 
 
The first study of Late Cretaceous ostracods for this region was made by Bate (1972). 
He described 54 ostracod species from the Coniacian Upper Gearle Siltstone, Santonian 
to Campanian Toolonga Calcilutite, and Campanian Korojon Calcarenite of three 
onshore wells, with Yanrey-1 intersecting the northern extremity of the Southern 
Carnarvon Platform, and Rough Range South-1 and Rough Range-4 intersecting the 
neighbouring Exmouth-Barrow Margin. Lynch (1988) also identified 11 Early Santonian 
to Early Campanian ostracod species at Murchison House Station on the Southern 
Carnarvon Platform, where a new reference section for the Toolonga Calcilutite was 
established (Lynch, 1991). This was followed by a data report, written by Damotte 
(1992), on the Cretaceous ostracods of the Exmouth and Wombat Plateaus, as part of 
Leg 122 of the Ocean Drilling Program. The Aptian to Maastrichtian sequence of these 
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Northern Carnarvon Basin wells yielded 21 ostracod species. Of particular interest to 
this study are the Exmouth Plateau ODP Sites 762C, which is alongside Eendracht-1, 
and 763B. 
 
Prior to this there had been a preliminary account, written by Oertli (1974), on the Early 
Cretaceous and Jurassic ostracods of the abyssal plains surrounding the Northern 
Carnarvon Basin, the Southern Carnarvon Basin, and the Perth Basin. This study was 
part of Leg 27 of the Deep Sea Drilling Project (Veevers et al., 1974) and the Lower 
Albian sedimentary rocks of Site 259 (Perth Abyssal Plain) and Site 260 (Gascoyne 
Abyssal Plain) yielded 13 ostracod species, whilst the Lower Aptian sample from Site 
263 (Cuvier Abyssal Plain) yielded a single ostracod specimen. 
 
Other important references include the study of ostracods from the Santonian Gingin 
Chalk at One Tree Hill, in the northern part of the Perth Basin, by Chapman (1917) and 
Neale (1975). Neale (1975) not only reassessed Chapman (1917), but also identified 49 
ostracod species. Krömmelbein (1975b) also identified 11 ostracod species in the Albian 
Allaru Mudstone of the Eromanga Basin in southwest Queensland, and Scheibnerová 
(1978) illustrated six ostracod species from the Albian Marree Formation of the 
Eromanga Basin in northeast South Australia and noted that “smooth bean-like forms” 
occurred in the underlying Aptian sediments. 
 
Fragmentation of Southern Gondwana 
 
Within the Southern Hemisphere, the distribution of Cretaceous marine ostracods 
reflects the breakup of Gondwana (South America, Africa, Madagascar, the Seychelles, 
Greater India, Australia and Antarctica) and the evolution of the Indian, Southern and 
South Atlantic Oceans. 
 
The onset of rifting between Madagascar and East Africa commenced at the 
Early/Middle Jurassic boundary, and during the Bajocian, East Gondwana (Australia, 
Antarctica, Greater India, Madagascar and the Seychelles) and West Gondwana (Africa 
and South America) started drifting apart (Geiger et al., 2004; Papini & Benvenuti, 
2008). The western Indian Ocean formed between the east coast of Africa and the west 
coast of Madagascar/Greater India, and farther south the Falkland Plateau (a continental 
extension of southeast South America) rifted away from Gondwana (Stone et al., 2008). 
 
By the Late Jurassic, the western Indian Ocean extended discontinuously as far south as 
the Rocas Verdes rift basin of southern South America (Calderón et al., 2007); this was 
due to sea-floor spreading in the Weddell Sea between Antarctica and West Gondwana 
(Hathway, 2000). 
 
On the northwest margin of Australia, the onset of rifting in the Callovian (Middle 
Jurassic) is indicated by regional uplift and volcanic activity on the Wombat/Exmouth 
Plateau, Rowley Terrace and Scott Plateau (Heine & Müller, 2005). In the Oxfordian 
(Late Jurassic) sea-floor spreading began in the Argo Abyssal Plain (Heine & Müller, 
2005), but not the northern Gascoyne Abyssal Plain (Robb et al., 2005; Direen et al., 
2008), with the West Burma Block drifting away from the northwest margin of Australia 
to form the eastern Indian Ocean. 
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The presence of Early Oxfordian, shallow marine, dinoflagellate cysts in the Cauvery 
Basin of southeast India, similar to those encountered in the Krishna-Godavari Basin of 
eastern India, the Papuan Basin and western Australian Basins, indicates that the eastern 
Indian Ocean extended as far south as southeast India (Narsimha, 2006). 
 
On the northwest margin of Australia, deposition of the regressive Barrow Group and its 
equivalents during the Berriasian to Early Valanginian was connected with the onset of 
rifting in the Gascoyne and Cuvier Abyssal Plains, when Greater India began to rift from 
Australia/Antarctica (Romine et al., 1997; Longley et al., 2002; Robb et al., 2005). 
Uplift along the continent–continent Cape Range transform fault, between the Cuvier 
and Gascoyne areas, shed sediment northwards, forming the Barrow Delta (Veevers, 
2006). 
 
Separation of South America and Africa occurred in the Late Valanginian (Stone et al., 
2008), and in the wake of sea-floor spreading the southern South Atlantic Ocean was 
formed. However, just prior to this, the Colorado Trough provided a corridor between 
the basins off the south coast of South Africa and the southeast Pacific Ocean, based on 
the presence of benthonic foraminifera with South African affinities in the Early 
Valanginian of the Neuquén Basin (Musacchio & Simeoni, 2008). Between the Neuquén 
Basin of west-central Argentina and the Austral Basin of southernmost Argentina the 
Bariloche “Transversal” formed a geographical barrier (Musacchio & Simeoni, 2008), 
whilst the Mozambique Ridge, Falkland Plateau, Agulhas Bank and Dronning Maud 
Land formed a physical barrier between eastern Tethys (the western Indian Ocean) and 
the southern Pacific Ocean (Riccardi, 1991). The major marine transgression of the Late 
Valanginian (Ogg et al., 2004) breached these barriers. 
 
On the northwest margin of Australia, prior to the Late Valanginian transgression, there 
was a southward ridge jump in the Argo Abyssal Plain, an anticlockwise change in 
spreading direction, volcanic activity on Joey Rise, and regional uplift terminating 
deposition of the deltaic Barrow Group (Heine & Müller, 2005). The Gascoyne Volcanic 
Margin (Eldholm & Coffin, 2000) formed just prior to the Late Valanginian separation 
of Greater India from Australia/Antarctica (Romine et al., 1997; Longley et al., 2002; 
Robb et al., 2005), which, in the wake of sea-floor spreading in the Gascoyne and 
Cuvier Abyssal Plains, extended the eastern Indian Ocean southwards. Evidence of this 
extension is seen on the east coast of India where the Neocomian ferruginous sandstones 
and claystones (Gollapalli Formation) of the Krishna–Godavari Basin were deposited in 
a paralic to shallow marine environment, based on the occurrence of arenaceous 
foraminifers and dinoflagellates (Prasad & Pundir, 1999). 
 
During the Valanginian, as the Australian plate moved eastwards over subducted 
oceanic lithosphere of the Pacific Ocean, an inland sea formed in eastern Australia, 
which by the end of the Albian covered the “entire eastern half of the continent” 
(Matthews et al., 2011). 
 
In the Late Hauterivian, sea-floor spreading commenced in the Perth Abyssal Plain 
(Müller et al., 1998) and between Antarctica and India (Veevers, 2006; Subrahmanyam 
& Chand, 2006), and the Bunbury Basalt erupted in the southwest corner of Australia 
(Frey et al., 2003). In the Carnarvon Basin, ventilation improved at the Hauterivian-
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Barremian boundary, due to a minor ridge jump to the west in the Cuvier Abyssal Plain 
(Romine et al., 1997) and plate uncoupling along the Cape Range transform (Boyd et 
al., 1992). 
 
In the Krishna-Godavari Basin of eastern India, dinoflagellates in the shallow marine, 
inner to middle shelf Raghavapurum Shale, indicate that the first major marine 
transgression occurred during the Barremian to Early Aptian/Early Albian, due to sea-
floor spreading between India and Antarctica, and the easterly tilt of the east coast of 
India (Prasad & Pundir, 1999). 
 
By the Barremian, “an exclusively austral ammonoid fauna” had developed in the 
southern Argentinean, South African and Madagascan region, although environments 
were restricted and there were barriers to water currents (Riccardi, 1991). There was a 
narrow and shallow strait between the Falkland Plateau and the southern tip of South 
Africa, through which the southern South Atlantic Ocean received marine waters from 
the south (Riccardi, 1991). The extensive salt deposits of the northern South Atlantic 
during the Late Barremian to Early Aptian are attributed to shallow marine waters 
intermittently washing over the Walvis Ridge–Rio Grande Rise (Riccardi, 1991). Deep-
water circulation into the southern South Atlantic Ocean was blocked until the Falkland 
Plateau moved past the tip of South Africa at the close of the Aptian (Wise, 1988). The 
final separation of South America and Africa also occurred in the Aptian/Albian 
(Gheerbrant & Rage, 2006), and based on ammonites “some epicontinental sea 
connection probably occurred” between the North and South Atlantic Oceans during the 
Albian (Owen & Mutterlose, 2006), whilst true oceanic conditions developed in the 
northern South Atlantic Ocean and western tropical Atlantic Ocean in the Santonian 
(Reyment, 1980; Friedrich & Erbacher, 2006). 
 
At the junction between the Indian, Australian and Antarctic plates in the southeast 
Indian Ocean, excessive hot spot volcanism, from the Aptian onwards, produced a large 
complex oceanic plateau called the Kerguelen Plateau (Rotstein et al., 2001). 
 
In the Early Aptian, Greater India finally separated from Antarctica (Longley et al., 
2002), there was a major ridge jump on the northwest margin of Australia (Romine et 
al., 1997) and Australia started to break away from Antarctica (Frey et al., 2003). With 
Greater India finally separated from Antarctica, there was now a circum-India seaway 
and a new system of more oxygenated marine currents. The upwelling of deep oceanic 
water enriched in silica resulted in deposition of the Windalia Radiolarite in the 
Carnarvon Basin (Ellis, 1987). On the continental slope of East Antarctica, in the eastern 
Weddell Sea, the appearance of radiolarian diatomite in the Late Aptian indicates 
upwelling and the “development of a reasonably strong oceanic circulation system 
within the basin” Mutterlose and Wise (1990). 
 
During the Aptian-Albian there was extensive marine flooding of the Australian 
continent (Frakes et al., 1987), although the Albian record does not correspond with the 
global sea-level curve (Haq et al., 1988) due to the influence of continent-wide 
tectonism (Campbell & Haig, 1999), as a consequence of the South Pacific spreading 
centre being subducted beneath the east coast of Australia (Lawver et al., 1992; 
Matthews et al., 2011). Between Australia and East Antarctica, Totterdell et al. (2000) 
record restricted marine sediments, which represent the first major marine flooding 
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event in this region. Frakes et al. (1987) prefer the interpretation of a connection to the 
southwestern Eromanga Basin and hence to the open sea of the Pacific Ocean along the 
northern margin of Australia, rather than a connection westward to the southeast Indian 
Ocean, although the later is possible. 
 
Rotstein et al. (2001) note that during the Early Cenomanian, sea-floor spreading was 
terminated between Australia and East Antarctica, and in the area between the 
Kerguelen Plateau and Broken Ridge, whilst between Greater India and Australia and 
between Greater India and East Antarctica sea-floor spreading changed direction from 
approximately NW-SE to N-S. This is also associated with “a large reorganization of the 
world’s plates” (Rotstein et al., 2001), and uplift of eastern Australia (Veevers et al., 
1991), which was on the rebound. 
 
During the Cenomanian-Turonian, northwest India and Madagascar were part of a South 
Tethyan ostracod province that included the southern margins of South America and 
South Africa, the east coast of Africa, the Middle East, northern Africa, northern South 
America and a Trans-Saharan Seaway to West Africa and northeastern Brazil (Andreu et 
al., 2007). Although Ali & Aitchison (2008) note that during the Aptian to Turonian the 
Kerguelen Plateau may have formed a link between India and Australia-Antarctica, by 
the Early Turonian the Central Kerguelen Plateau was bathyal (Holbourn & Kuhnt, 
2002) and an open oceanic gateway had severed this link. Lawver et al., (1992) also 
noted that by the Turonian, “the Indian Ocean and Weddell Sea regions had open, 
deepwater circulation”, whilst Totterdell et al., (2000) recorded the first open marine 
sediments between Australia and East Antarctica. 
 
Within the Indian Ocean, sea-floor spreading between Madagascar and Greater India 
was initiated in the Coniacian (Yatheesh et al., 2006), and Greater India proceeded to 
move rapidly northwards. 
 
In the Santonian, sea-floor spreading commenced in the southern Tasman Sea and 
between the Campbell Plateau and East Antarctica (Sutherland et al., 2001). By the Late 
Campanian, volcanic and volcaniclastic rocks from the northern Lord Howe Rise 
indicate a marine incursion into this area, associated with the opening of the Tasman Sea 
or rifting in the New Caledonia Basin (Higgins et al., 2011). 
 
At the beginning of the Campanian, oceanic crust formed between Australia and East 
Antarctica in the central Great Australia Bight (Sayers et al., 2001). 
 
In the South Atlantic Ocean, Reyment (1980) has suggested that exposed elements of the 
Rio Grande Rise and Walvis Ridge may have acted as a dispersal route between South 
America and Africa during times of low sea level, although this geographical barrier was 
breached near the Early-Late Maastrichtian boundary, and as a consequence, well-
oxygenated intermediate and deep water started flowing between the northern and 
southern parts of the South Atlantic Ocean (Frank & Arthur, 1999). 
 
During the latest Cretaceous and earliest Paleocene, and the main phase of the Deccan 
Traps eruptions in India, ties between India and Madagascar were severed when the 
Seychelles broke away from India (Ali & Aitchison, 2008). In the early Paleocene sea-
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floor spreading commenced in the Coral Sea, but this was terminated, along with that in 
the Tasman Sea, in the early Eocene (Sutherland et al., 2001). 
 
Fossil mammal evidence indicates that Greater India and northeastern Africa were 
possibly connected during the latest Cretaceous and earliest Paleocene (Prasad et al., 
2010), at a time when the oceanic crust of the Indian Plate to the northeast was colliding 
with the Laurasian Plate (Jianguo et al., 2008; Mathur et al., 2008). Ali & Aitchison 
(2008) note that the first India-Asia terrestrial faunal exchanges occurred in the late 
Paleocene near the northeast corner of India, and this is supported by evidence of a 
temporary uplift event during the late Paleocene in this region (Jianguo et al., 2008). 
Subsequently, during the mid-late Eocene, the shallow marine sea between northeastern 
India and Tibet was expelled, as the two continents collided and the mountainous terrain 
of the Himalayas developed (Jianguo et al., 2008; Mathur et al., 2008). 
 
Fast spreading between Australia and East Antarctica also commenced in the middle 
Eocene (Exon et al., 2004). During the late middle Eocene, the warm, but weak, 
Leeuwin Current began to flow southwards down the western coast of Australia and into 
the area between Australia and Antarctica (Lawver & Gahagan, 2003), and warmer, 
dense Tethyan water entered the depths of the southern Cape Argentine Basin, south of 
the Rio Grande Rise (Benson & Peypouquet, 1983), displacing northward moving 
Antarctic bottom waters. 
 
The final separation of Antarctica from Australia and from South America occurred in 
the early Oligocene (Lawver et al., 1992; Lawver & Gahagan, 2003), and consequently, 
no circumpolar deep water current existed during the Cretaceous. 
 
At the end of the Oligocene a new equatorial circulation pattern was initiated (Ayress, 
1994) when the India-Australia Plate collided with the Philippine-Caroline Arc (Hill & 
Hall, 2003). Warm water “currents were shifted to flowing southward along the eastern 
margin of Australia and northward along the eastern margin of Asia” (Lawver & 
Gahagan, 2003). This collision corresponds with the initial development of the East 
Antarctic ice-sheet, and ultimately “led to the late Middle Miocene expansion of the East 
Antarctic ice-sheet” and a stronger Antarctic Circumpolar Current (Lawver & Gahagan, 
2003). Production of the North Atlantic Deep Water was also initiated during the middle 
Miocene (Majoran & Dingle, 2001a). 
 
Southern Gondwanan Marine Ostracod Faunas 
 
Based on striking similarities of Early Cretaceous benthonic foraminifers and ostracods 
from Australia, South Africa, New Zealand, South America, peninsular India and 
Madagascar, Scheibnerová (1973) proposed an Austral Bioprovince, a “non-tropical 
climatic zone of the southern hemisphere”. She also pointed out that early Mesozoic 
foraminiferal faunas had shown quite strong cosmopolitanism. Climatic zonation 
commenced in the Jurassic. 
 
Krömmelbein (1975a, 1976) was the first to note that Majungaella was a Gondwanan 
genus. During the Middle Jurassic and Cretaceous, this genus occurs in India, 
Madagascar, Tanzania, Somalia, Egypt, Israel, South Africa, Western Australia, the 
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interior of Australia, Chile, Argentina and Brazil, and on the Mozambique Ridge and the 
Antarctic Peninsula. Subsequently, Dingle (1982) noted that South African ostracod 
faunas had all the “essential faunal characteristics” of those from the Callovian to 
Cenomanian of Argentina, the Falkland Plateau, Tanzania, Madagascar, India and 
Western Australia; they formed a “well-defined ostracod faunal province” based on a 
“relatively large number of species and genera that are regionally endemic.” Regionally 
endemic genera listed by Dingle (1982) are Sondagella/Aracajuia, Majungaella, 
Arculicythere, Pirileberis and Rostrocytheridea, as well as other genera including 
Progonocythere/Amicytheridea (species subsequently assigned to Fastigatocythere by 
Whatley and Ballent in 1996), Acrocythere and Procytherura. He called this the South 
Gondwana ostracod faunal province. 
 
In 1988, Dingle extended the range of his South Gondwana Fauna down to the Bajocian 
and, for South Africa, divided it into Faunas A (Bajocian–Aptian) and B (Albian–
Cenomanian), with the waning of the progonocytherids (with Fastigatocythere 
disappearing and Majungaella generally less abundant) and the appearance of 
trachyleberids (including Isocythereis sealensis Dingle, 1971) defining Fauna B. Fauna 
A was subdivided into western (Argentina and South Africa) and eastern populations 
(Tanzania, Madagascar and India, with links to Western Australia) (Dingle, 1988). By 
the Albian, faunal diversity increased, the range of Arculicythere tumida Dingle, 1971 
expanded, and the distinction between eastern and western populations collapsed 
(Dingle, 1988). 
 
On the Exmouth and Wombat Plateaus of Western Australia, Damotte (1992) identified 
a Berriasian to Albian ostracod fauna which is “similar to the South Gondwana Fauna of 
Dingle (1988)” and “show affinities with South African and Madagascan faunas”, due to 
“the presence of Majungaella sp., Majungaella nematis, Arculicythere sp., Arculicythere 
tumida, and Pirileberis.” 
 
Babinot and Colin (1988, 1992) presented a palaeobiogeographic synthesis of the 
ostracods of the Tethys margins, including Australia, during the Cretaceous. They 
defined subprovinces based on “a variable number of endemic species and a higher level 
of ubiquitous genera” (Babinot & Colin, 1992). During the Valanginian to Aptian, the 
occurrence of Majungaella, Pirileberis and Arculicythere in Madagascar, India, South 
Africa and Argentina was used to define a Southern Hemisphere Bioprovince at “the 
extreme border of the Tethyan realm” (Babinot & Colin, 1988), equivalent to Dingle’s 
(1988) South Gondwana Fauna A. During the Albian, the occurrence of Arculicythere in 
India, Madagascar, South Africa and Australia was used to define an Austral realm 
(Babinot & Colin, 1988), equivalent to Dingle’s (1988) South Gondwana Fauna B. 
 
Further investigations led Babinot and Colin (1992) to define an Austral Bioprovince for 
the south-southeast of the Tethyan Realm during the Late Cretaceous; it included 
Australia, India, Madagascar and South Africa; it equates with the South Temperate 
Realm of Kauffman (1973) and the Pan Gondwana Fauna (Turonian–Maastrichtian) of 
Dingle (1988). The Austral Bioprovince was subsequently differentiated into Indian, 
Australian and South African subprovinces (Babinot & Colin, 1992). 
 
By 1996, Dingle had assigned a Pre-Valanginian to Hauterivian range to the South 
Gondwana Fauna A, an Aptian to Cenomanian range to the South Gondwana Fauna B, 
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and a Turonian to Maastrichtian range to the Pan Gondwana Fauna. The Pan Gondwana 
Fauna of Dingle (1996) is “dominated by Brachycythere, Gibberleberis, 
Amphicytherura, Unicapellids and numerous Trachyleberids.” It correlates with the 
Coniacian to Maastrichtian South African Subprovince of Babinot and Colin (1992), 
which is described as “a complex area showing affinities with both Afro-Arabian and 
Austral Bioprovinces”, as represented by the genera Brachycythere and 
Haughtonileberis. El-Nady (2002) noted that the species Gibberleberis africanus 
Dingle, 1969 occurs in the Coniacian to Santonian of both Egypt and South Africa, 
whilst Bassiouni and Luger (1990) noted that the Late Maastrichtian occurrence of 
Apateloschizocythere fimbriata Bassiouni and Luger, 1990 and Oertliella khargensis 
Bassiouni and Luger, 1990 indicated “closer relations” to South Africa and Australia 
“than previously assumed.” 
 
On the Exmouth and Wombat Plateaus of Western Australia, Damotte (1992) identified 
a Santonian to Maastrichtian ostracod fauna which is said to tentatively belong to the 
Para- (=Pan) Gondwana Fauna of Dingle (1988), although “only one characteristic form 
of this fauna is present in cores from Leg 122: Apateloschizocythere geniculata”, whilst 
Brachycythere “and other well-known South African trachyleberids are absent.” This 
lack of similarity to the Pan Gondwana Fauna of Dingle (1988) is a consequence of the 
increasing isolation of Australia in the Late Cretaceous, and the development of an 
ostracod fauna that is described by Neale (1976) as “a mixture of cosmopolitan and 
endemic genera, together with a small number of South African – Australian genera.” 
Babinot and Colin (1992) identified a Coniacian to Maastrichtian Australian 
Subprovince, which is described as strongly endemic, based on the genera 
Anebocythereis, Paramunseyella, Scepticocythereis, Toolongella, and Ginginella, and 
cosmopolitan, based on genera such as Oertliella, Monoceratina (which Neale (1975) 
referred to as a ‘dustbin’ genus), and Hermanites. 
 
Cenomanian/Turonian Boundary Event 
 
The subdivision of Cretaceous marine ostracod faunas into two major faunal 
assemblages (e.g. the South Gondwana and Pan Gondwana Faunas of Dingle (1996)) 
reflects a dramatic faunal dichotomy at the Cenomanian/Turonian boundary. This is not 
only a consequence of the fragmentation of Southern Gondwana, but is also due to the 
Cenomanian/Turonian Boundary Event (CTBE), which is also known as Oceanic 
Anoxic Event 2 (OAE 2). Hallam and Wignall (1999) note that the CTBE “marks one of 
the less severe extinction events of the fossil record” which had its greatest impact upon 
“deep-water molluscs (bivalves and nektonic ammonites), dysaerobic, agglutinating 
foraminifera and shallow-water rudist bivalves.” It “consists of a minor, late 
Cenomanian regression followed by a spectacular transgression that culminated in a 
major, Early Turonian highstand. The majority of marine extinctions occurred within the 
latest Cenomanian pulse of rapid deepening and are commonly associated with the 
development of oxygen-poor bottom waters.” 
 
An oceanic anoxic event represents “a perturbation of the global marine inorganic-
organic carbon reservoirs as a result of excess burial of organic matter” (Tsikos et al., 
2004). This is usually attributed to enhanced surface productivity that increases the 
amount of organic matter settling on the sea floor and/or oxygen-depleted conditions in 
INTRODUCTION 
 
13 
bottom waters, which enhances the preservation of organic matter (Schlanger & 
Jenkyns, 1976; Schlanger et al., 1987). The pronounced positive δ13C excursion that 
characterises the CTBE has been identified in organic-carbon rich marine sediments like 
the dark shales and micritic limestones of Pueblo, Colorado (Keller & Pardo, 2004; 
Tsikos et al., 2004; Gale et al., 2005; Caron et al., 2006; Keller et al., 2008), the black 
shales of the Demerara Rise in the southwestern North Atlantic Ocean (Turgeon & 
Creaser, 2008), the dark laminated limestones and shales of the Tarfaya Basin of 
northwest Africa (Tsikos et al., 2004; Keller et al., 2008), the laminated black shales and 
radiolarian sands of the Bonarelli Level of central Italy (Tsikos et al., 2004; Turgeon & 
Creaser, 2008), the black laminated limestones and grey calcareous marls of the Bahloul 
Formation of central Tunisia (Caron et al., 2006), the dysoxic dark shales and grey 
calcareous claystones and marls of the Lengqingre Formation of southern Tibet (Wan et 
al., 2003), and the black shales and dark brown fissile claystones of the Exmouth 
Plateau of northwest Australia (Haq et al., 1990; Thurow et al., 1992). It is also recorded 
in organic-carbon poor marine sediments like the Plenus Marls and Ballard Cliff 
Member chalks at Eastbourne (Paul et al., 1999; Keller et al., 2001; Tsikos et al., 2004; 
Gale et al., 2005; Voigt et al., 2006) and terrestrial organic matter (Hasegawa, 1997). 
This reflects the global nature of the CTBE despite variations due to different latitudes, 
palaeobathymetry and palaeogeographic settings, local tectonics and other 
palaeoceanographic and palaeoenvironmental influences. 
 
The CTBE is marked by a number of palaeoenvironmental changes that resulted in 
different stages of biotic turnover. Planktonic foraminifera have been used to define 
biostratigraphic zones and subzones. Since they are sensitive to environmental changes 
in temperature, salinity, oxygen and nutrients, they have also been used to define stages 
of evolutionary turnover, which are a response to the palaeoenvironmental changes that 
occurred during the CTBE. 
 
At Tazra, in the shallow marine deposits of the Tarfaya Basin, on the margin of 
northwest Africa, the CTBE consists of three stages of evolutionary turnover followed 
by “slow recovery and continued biotic stress” as species sporadically reappear due to 
an amelioration of the intensity of the expanded oxygen minimum zone (Keller et al., 
2008). The continued dominance of low-oxygen tolerant heterohelicids into the Early 
Turonian “suggests a continued high flux of organic matter from the photic zone and/or 
sluggish oceanic circulation” (Keller et al., 2008). 
 
The first stage occurs within laminated marly shale with some marly limestone, and is 
associated with a rapid δ13C excursion and the onset of biotic turnover (Keller et al., 
2008). The last occurrence of Rotalipora greenhornensis occurs within the laminated 
marly shale at the bottom of this stage (Keller et al., 2008). During this stage the salinity 
tolerant Hedbergella planispira and the low-oxygen tolerant Heterohelix moremani 
thrived (Keller et al., 2008). Both of these species are r-mode opportunists of eutrophic 
environments, with Hedbergella planispira an occupant of the surface mixed-layer and 
Heterohelix moremani an intermediate-dweller of the thermocline (Coccioni & Luciana, 
2005). The dicarinellids also evolved, while the whiteinellids and rotaliporids 
experienced morphological diversification (Keller et al., 2008). The whiteinellids are 
surface-dwellers of mesotrophic-eutrophic environments, whilst the dicarinellids are 
intermediate-dwellers of mesotrophic environments and the rotaliporids are deep-
dwelling k-mode specialists of oligotrophic environments (Coccioni & Luciana, 2005). 
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This diversification is a response to the stress of rapid environmental changes in water 
mass stratification and the upwelling of oxygenated, nutrient-rich waters that enhanced 
surface productivity and resulted in an expansion of the oxygen minimum zone (Keller 
et al., 2008). 
 
The second stage (i.e. the so-called “benthic oxic zone” due to the occurrence of  
low-oxygen tolerant benthonic species) occurs within laminated marly shale with some 
marly limestone and ends in shales (Keller et al., 2008). It is associated with the first 
δ13C peak and accelerated evolutionary turnover due to a major environmental change 
caused by the intense upwelling of cool, oxygenated, nutrient-rich deeper waters (Keller 
et al., 2008). The base and top of the first marly limestone to occur just after the start of 
the “benthic oxic zone” are associated, respectively, with the dramatic decline in low-
oxygen heterohelicids and the first δ13C peak (Keller et al., 2008). The decline in low-
oxygen heterohelicids is probably due to the start of the Late Cenomanian marine 
transgression. In the deeper open shelf deposits of the Tarfaya Basin S57 core the first 
δ13C peak occurs at the top of a light-coloured massive limestone (Tsikos et al., 2004). 
During this stage, Keller et al. (2008) recorded foraminiferal changes that included a 
thriving low-oxygen tolerant benthonic foraminiferal assemblage on the oxygenated sea 
floor, an invasion of eutrophic surface waters by stress-tolerant Guembelitria, a dramatic 
decrease in low-oxygen tolerant heterohelicids, a diversification of dicarinellids and the 
disappearance of rotaliporids. The last occurrence of Rotalipora cushmani occurs before 
the base of the δ13C trough within marly shale at Tazra (Keller et al., 2008) and in the 
S57 core at the top of a dark laminated limestone in the base of the δ13C trough (Tsikos 
et al., 2004). The last occurrence of Globigerinelloides bentonensis occurs within shales 
at the base of a δ13C trough before a subdued δ13C peak (Keller et al., 2008). “This 
interval of accelerated extinctions and oxic waters reflects an unusual interlude in the 
long-term trend toward ocean anoxia during the latest Cenomanian” (Keller et al., 
2008). It is the transitional stage between a temporary oxygen minimum zone that 
resulted from a marine regression and global cooling, and a greatly intensified and 
expanded oxygen minimum zone at the height of the marine transgression and global 
warming. 
 
Paul et al. (1999) recommended that the Late Cenomanian to Early Turonian continental 
shelf section at Eastbourne, in southern England, be the CTBE reference section for 
northwest Europe. At Tazra, the last occurrence of Globigerinelloides bentonensis is 
juxtaposed with the Heterohelix shift (i.e. reduced populations of surface-dwellers and 
dominance of low-oxygen tolerant Heterohelix species), whereas at Eastbourne, the last 
occurrence of Globigerinelloides bentonensis occurs at the base of the second δ13C peak 
within Plenus Marls Bed 8 (Paul et al., 1999) and the Heterohelix shift at the top of the 
second δ13C peak at the boundary between Plenus Marls Bed 8 and the Ballard Cliff 
Member (Keller et al., 2001). The juxtaposition of these two events and the absence of 
the second δ13C peak indicate that this interval is probably missing at Tazra (Keller et 
al., 2008). 
 
At Tazra, the Heterohelix shift is abrupt and represents a dramatic change, from the 
“benthic oxic zone” of the second stage to the maximum biotic stress and oceanic anoxia 
of the third stage (Keller et al., 2008). The third stage is mainly represented by 
laminated, organic-carbon rich, black shale, although shale and marly limestone occur at 
the base (Keller et al., 2008). It is associated with the δ13C plateau, maximum stress 
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conditions, minimum diversity, reduced populations of surface-dwelling Hedbergella 
planispira , an anoxic sea floor based on the absence of benthonic foraminifera and the 
accumulation of organic matter, and a very expanded oxygen minimum zone based on 
the dominance of the low-oxygen tolerant planktonic foraminifera Heterohelix 
moremani (Keller et al., 2008). 
 
The events identified above in Tazra, can also be seen at Eastbourne, which enables 
correlation of these two sites. The first two stages also occur in the shallow marine 
Plenus Marls Beds 1-8 of Eastbourne. Keller et al. (2001) subdivided the Plenus Marls 
into three phases: Faunal Turnover Phase I associated with the buildup to the first δ13C 
peak in Plenus Marls Beds 1-3, the δ13C trough phase in Plenus Marls Beds 4-6, and 
Faunal Turnover Phase II associated with the buildup to the second δ13C peak and the 
start of the δ13C plateau in Plenus Marls Beds 7-8 and the low diversity interval at the 
bottom of the Ballard Cliff Member. The change to deposition of marly chalk at the base 
of Plenus Marls Bed 3 is associated with the Late Cenomanian marine transgression 
(Voigt et al., 2006), and is considered here to represent the boundary between the first 
and second stages identified by Keller et al. (2008) at Tazra. The change to deposition of 
nodular chalk at the base of the Ballard Cliff Member is associated with the maximum 
flooding surface (Voigt et al., 2006), and is considered here to represent the boundary 
between the second and third stages identified by Keller et al. (2008) at Tazra. 
 
The base of the Plenus Marls is an erosion surface and sequence boundary that was 
formed by a marine regression (Voigt et al., 2006). This marine regression resulted in 
“increased riverine nutrient and inorganic carbon supply” which enhanced surface 
productivity and the burial of organic matter (Voigt et al., 2006). The marls of Plenus 
Marls Beds 1-2 are lowstand deposits and Plenus Marls Bed 2 is associated with “minor 
cooling of shelf sea waters” (Voigt et al., 2006). This cooling probably caused the 
significant change illustrated by Horne et al. (2011) in podocopid ostracod faunas 
observed in Plenus Marls Bed 2, which included an increase in bairdioideans and 
cytheroideans. Based on the last occurrence of Rotalipora cushmani in Paul et al. (1999) 
and the last occurrence of Rotalipora greenhornensis in Keller et al. (2001), the Upper 
Cenomanian Rotalipora extinction Planktonic Foraminiferal Subzone occurs in Plenus 
Marls Beds 2-3 and the lower half of Plenus Marls Bed 4. 
 
Faunal Turnover Phase I, represented by Plenus Marls Beds 1-3, is dominated by low-
oxygen tolerant species but opportunistic surface dwellers, which thrive in high-stress, 
high-nutrient environments, also become common (Keller et al., 2001). Within this 
phase the dramatic decrease in low-oxygen heterohelicids represents the boundary 
between the first and second stages identified by Keller et al. (2008) at Tazra. Faunal 
Turnover Phase I “reflects a lower sea level, enhanced productivity and temporary 
expansion of the oxygen minimum zone associated with climate cooling and increased 
upwelling” (Keller et al., 2001). Keller et al. (2001) note that stratigraphically this 
“correlates with the onset of organic-rich facies in the upper R. cushmani Zone” in Italy 
and Tunisia (Keller et al., 2001). However, in Italy, the coincidence of the last 
occurrences of Rotalipora greenhornensis and Rotalipora cushmani (Coccioni & 
Luciani, 2005) indicates that the Upper Cenomanian Rotalipora extinction Planktonic 
Foraminiferal Subzone is missing. In Tunisia, this subzone is present but it is very 
condensed, and the first δ13C peak lies just below the last occurrence of Rotalipora 
cushmani (Caron et al., 2006). 
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The Late Cenomanian marine transgression surface occurs between the marl of Plenus 
Marls Bed 2 and the marly chalk at the base of Plenus Marls Bed 3 (Voigt et al., 2006), 
and coincides with the dramatic decrease in low-oxygen heterohelicids (Keller et al., 
2001), which represents one of the signals just above the start of the “benthic oxic zone” 
at Tazra (Keller et al., 2008). Given that a rise in sea level probably predates the onset of 
significant mantle plume-related volcanism in oceans, due to uplifting of the oceanic 
lithosphere “by the ‘head’ of the hot, buoyant mantle plume” (Kerr, 1998), this 
transgression probably represents the period prior to the eruption of the large igneous 
province known as the Caribbean Plateau, which is associated with the subsequent 
global warming, ocean acidification and anoxia of the CTBE (Kerr, 1998; Turgeon & 
Creaser, 2008). 
 
At Eastbourne, the first δ13C peak occurs within the chalk in Plenus Marls Bed 3 (Paul et 
al., 1999; Keller et al., 2001; Tsikos et al., 2004; Gale et al., 2005; Voigt et al., 2006). A 
flooding surface occurs at the base of the marly chalk at the base of Plenus Marls Bed 4 
(Voigt et al., 2006), although Keller et al. (2001) assigned this marly chalk to the top of 
Plenus Marls Bed 3. The base of this marly chalk is associated with a cooling event, 
which caused the expansion of cooler water Boreal faunas into northern Tethys (Voigt et 
al., 2006) and a change in podocopid ostracod faunas that included an increase in 
bairdioideans and cytheroideans (Horne et al., 2011). This cooling is probably due to the 
previous increase in the burial of organic matter causing a reduction in atmospheric 
carbon dioxide (CO2) (Voigt et al., 2006). In Keller et al. (2001) the top of this marly 
chalk marks the end of Faunal Turnover Phase I. It does not, however, mark the end of 
the “benthic oxic zone” since the low-oxygen tolerant Heterohelix moremani, whilst still 
abundant, is not the predominant species. The last occurrence of Rotalipora cushmani 
occurs in marl, at the base of the δ13C trough and in the middle of Plenus Marls Bed 4 
(Paul et al., 1999; Tsikos et al., 2004; Gale et al., 2005; Voigt et al., 2006). 
 
At Eastbourne, another flooding surface occurs at the base of the chalk of Plenus Marls 
Bed 5 and a warming event commences within this bed (Voigt et al., 2006). Shelf sea 
temperatures increased by 3-4°C, until a cooling event in the chalk of Plenus Marls Bed 
8, and then increased again during the deposition of the highstand nodular chalk at the 
base of the White Chalk Formation called the Ballard Cliff Member (Voigt et al., 2006). 
The warming event that commences near the top of Plenus Marls Bed 5 is due to the 
increased atmospheric carbon dioxide produced by volcanism associated with the 
emplacement of the oceanic basalts of the Caribbean Plateau (Kerr, 1998; Voigt et al., 
2006). Evidence of at least two major magmatic pulses is provided by a dramatic 
double-spiked positive osmium isotope excursion just before or at the onset of the 
deposition of organic-carbon rich black shales in the southwestern proto-North Atlantic 
Ocean and the western Tethys (Turgeon & Creaser, 2008). The volcanism also increased 
heat flow in the oceans, released nutrients that enhanced surface productivity and trace 
metals that may have enlarged habitats favoured by deeper dwelling organisms, emitted 
sulphur dioxide, hydrogen sulphide, carbon dioxide and halogens into the oceans that 
caused ocean acidification, which further elevated the carbon dioxide levels of the 
oceans, all of which ultimately resulted in oceanic anoxia and second-order mass 
extinctions (Kerr, 1998). 
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Increased surface productivity due to upwelling of “aggressive, CO2-rich, cold, 
oxygenated bottom-water” in the modern Tasman Sea causes the dissolution of ostracod 
carapaces living on/in the carbonate-rich sediments of the outer shelf/upper slope due to 
bacterial oxidation of organic matter increasing levels of carbon dioxide, and reducing 
oxygen levels, in the water above and in the sediments on the sea floor (Swanson, 1994). 
The ostracod carapaces in Plenus Marls Beds 5-8 at Dover, southern England, are also 
etched (Jarvis et al., 1988). However, at Dover, since the water temperature is 
increasing, and warmer water holds less oxygen, the oxygen levels would have been 
decreasing even further and a stronger oxygen minimum zone developing along with 
increasing carbon dioxide levels. Even more carbon dioxide would have been 
contributed by the emplacement of the Caribbean Plateau, which triggered global 
warming near the end of Plenus Marls Bed 5 (Voigt et al., 2006). This is an additional 
biotic stress, along with declining oxygen levels and increasing temperatures, since 
elevated carbon dioxide levels cause an intensification and expansion of oxygen 
minimum zones even if oxygen levels are not declining (Brewer & Peltzer, 2009). It also 
causes ocean acidification, and hence dissolution of calcareous material (Doney et al., 
2009), like ostracod carapaces. In southern England, as the sea level rose and 
temperatures increased, the proportion of platycopid ostracods relative to podocopid 
ostracods also increased (Whatley, 1991; Horne et al., 2011). The persistence of 
platycopids (a group that inhabits intertidal to abyssal depths, warm to cold 
environments and areas that are oxygen-rich to oxygen-poor) as a response to kenoxia 
(i.e. declining oxygen levels) is known as the Platycopid Signal (Whatley, 1991). It does 
not imply that bottom waters were anoxic (i.e. depleted of oxygen), only that platycopids 
were better adapted than podocopids (predators, scavengers and deposit feeders of the 
sea floor) to living in areas where oxygen levels had declined (Whatley, 1991). This was 
attributed to their being filter-feeders who, because of this, could circulate more water 
across their respiratory surface than podocopids, and who also had the advantage of 
brooding their eggs in their carapace rather than releasing them to the external 
environment (Whatley, 1991). The etching also indicates that, along with declining 
oxygen levels, increased levels of carbon dioxide occurred in the water above and in the 
sediments on the sea floor. Although, platycopids also predominate in Plenus Marls Bed 
1 (Horne et al., 2011), where “increased riverine nutrient and inorganic carbon supply” 
enhanced surface productivity and the burial of organic matter (Voigt et al., 2006), 
Jarvis et al. (1988) do not mention any etching of ostracod carapaces. It appears that 
what differentiates the two low-oxygen episodes, characterized by enhanced surface 
productivity and expanded oxygen minimum zones, is that the second also involved 
increased levels of carbon dioxide throughout the water column and atmosphere, and 
warmer temperatures. 
At Eastbourne, another flooding surface occurs at the base of Plenus Marls Bed 7 and 
the maximum flooding surface occurs at the base of the Ballard Cliff Member (Voigt et 
al., 2006). The chalks of Plenus Marls Beds 7-8 are associated with the buildup to the 
second δ13C peak, the base of the Ballard Cliff Member to the top of the second δ13C 
peak and the remainder of the Ballard Cliff Member to the δ13C plateau (Paul et al., 
1999; Keller et al., 2001; Tsikos et al., 2004; Gale et al., 2005; Voigt et al., 2006). The 
last occurrence of Globigerinelloides bentonensis occurs in chalk, at the base of the 
second δ13C peak and in the middle of Plenus Marls Bed 8 (Paul et al., 1999), and the 
dramatic increase in low-oxygen heterohelicids (i.e. Heterohelix shift), which represents 
the end of the “benthic oxic zone” at Tazra (Keller et al., 2008), coincides with the top 
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of the second δ13C peak at the boundary between the Plenus Marls and the Ballard Cliff 
Member (Keller et al., 2001). 
Faunal Turnover Phase II represents an interval from Plenus Marls Bed 7 to the return of 
a more diversified fauna within the Ballard Cliff Formation (Keller et al., 2001), and is 
characterised by a substantial reduction in species diversity and dwarfed species, and 
then a shift to dominance of low-oxygen tolerant heterohelicids (i.e. Heterohelix shift) 
with secondary surface-dwelling hedbergellids (Keller et al., 2001). The Heterohelix 
shift represents the boundary between the second and third stages identified by Keller et 
al. (2008) at Tazra. According to Keller et al. (2001) Faunal Turnover Phase II “may 
reflect increased primary productivity and a long-term expansion of the oxygen 
minimum zone associated with climate warming” and a major marine transgression. In 
equivalent stratigraphic units at Dover, southern England, Jarvis et al. (1988) also 
considered the decline in species diversity of planktonic and benthonic foraminifera, 
calcareous nannofossils, ostracods and dinoflagellate cysts, which disappeared 
temporarily whilst opportunistic calcispheres proliferated, to be due to an expanding 
oxygen minimum zone. Similarly, at Eastbourne, Paul et al. (1999) attributed the decline 
in diversity and abundance of ostracods and benthonic and planktonic foraminifera, and 
the decline in size of the foraminifera, to reduced oxygen levels. 
 
However, at Eastbourne, Gale et al. (2000) associate this loss in faunal diversity and 
maximum faunal turnover rates to the increased eustatic sea-level rise causing a 
breakdown of the shelf break fronts (zones of mixing that form barriers between shelf 
seas and open oceans), diminished terrestrial nutrient input and flooding of the 
moderately mesotrophic shelf with oligotrophic oceanic waters. Gale et al. (2000) note 
that due to the productivity crash “many of the detritivores, all of the algivores and a 
large proportion of filtration and suspension feeders disappeared” and whilst 
foraminiferal abundance fell, calcisphere abundance increased. Monospecific floods of 
calcispheres at the end of the Cenomanian are characteristic of many other English and 
European sites and are associated with “abnormal conditions in the water column” (Hart, 
1991). In this scenario productivity was decreasing, whilst in that of Jarvis et al. (1988), 
Paul et al. (1999) and Keller et al. (2001) it was increasing. Gale et al. (2000) state that 
“no evidence is found to support the hypothesis that reduced bottom water oxygenation 
developed and was responsible for extinction amongst the benthos in mid-shelf 
environments.” However, the increased abundance of eutrophic, surface-dwelling 
hedbergellids and the shift to dominance of the low-oxygen tolerant, eutrophic, 
intermediate-dwelling heterohelicids, recorded by Keller et al. (2001), indicates 
increased productivity and an expanded oxygen minimum zone. “Neither the presence of 
bioturbation, nor the absence of organic-rich sediments prove that an oxygen-minimum 
zone was not developed in the water column” (Jarvis et al., 1988), as exemplified by the 
modern Gulf of California (Levin, 2003). Gale et al. (2000) record two regular 
echinoids, a starfish (asteroid) and a calcareous tubeworm at the base of the Ballard Cliff 
Member, then a barren interval followed by an interval where a small echinoid species 
and a cidarid echinoid are recorded. This “rise to major dominance of the echinoderms” 
is considered to be an indication that this was not a low oxygen environment. However, 
echinoderms are also part of the dense macrofaunal and megafaunal aggregations near 
the upper and lower boundaries of the oxygen minimum zone in the modern Gulf of 
California (Levin, 2003). Horne et al. (2011) accepted the proposal that the European 
Chalk Sea was oligotrophic, and since platycopids are not always dominant in modern 
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oxygen minimum zones (Brandão & Horne, 2009), they proposed that the Platycopid 
Signal indicates oligotrophy, rather than reduced oxygen levels, “because living 
platycopids appear to be adapted to filter-feed on nano- and picoplankton which are 
predominant in oligotrophic conditions.” However, today platycopids are at their most 
abundant and diverse in oxygen-rich, eutrophic, shallow marine, tropical environments 
(Whatley, 1991), like the sandy tidal flats of Lee Point on Shoal Bay, northern Australia 
(Whatley et al., 1995). It may be that the quality, rather than the quantity, of the food 
available to the benthos has been degraded. It has been suggested that, based on 
laboratory and mesocosm experiments, ocean acidification could “degrade the food 
quality for heterotrophic zooplankton and microbial consumers” (Doney et al., 2009). 
Consequently, although, in continental shelf environments like Eastbourne and Dover, 
“the reduction in calcareous plankton diversity appears short-lived and/or much 
reduced” (Keller et al., 2008), it still represents evidence of increased productivity and 
an expanded oxygen minimum zone, whilst the etching of all calcareous microfossils 
(Jarvis et al., 1988) indicates ocean acidification. As a consequence, the Platycopid 
Signal indicates that the platycopids, unlike the podocopids, were able to cope with the 
changing environmental conditions, including declining oxygen levels, increasing 
carbon dioxide levels, greater water depths, elevated temperatures and a degraded food 
supply. 
 
Keller et al. (2001) note that stratigraphically Faunal Turnover Phase II “correlates with 
the global oceanic anoxic event in Italy (Bonarelli Event) and Tunisia (Bahloul 
Formation).” The bathyal Bonarelli Level and the outer shelf Bahloul Formation were 
deposited, respectively, on the northern and southern margins of western Tethys. The 
extinction of specialised planktonic foraminiferas (i.e. the rotaliporids and 
Globigerinelloides bentonensis, although this last species is not recorded in the Bahloul 
Formation), just before the deposition of these organic-carbon rich sediments, occurs 
within a very condensed interval and resulted from dramatic changes in 
palaeoenvironmental conditions, (Tsikos et al., 2004; Coccioni & Luciani, 2005; Caron 
et al., 2006). 
 
The laminated black shales and radiolarian sands of the Bonarelli Level, which 
correlates with the third stage of Keller et al. (2008) (i.e. maximum biotic stress and 
oceanic anoxia), is highly eutrophic, based on the proliferation of radiolarians and 
occasional dwarfed hedbergellids, due to increased surface productivity and an enhanced 
oxygen minimum zone (Coccioni & Luciani, 2005). However, in shallower bathyal 
depths it is less eutrophic with a less well-developed oxygen minimum zone, based on 
the occurrence of scattered, dwarfed hedbergellids, schackoinids and globigerinelloids 
with less abundant low-oxygen tolerant heterohelicids and radiolarians (Coccioni & 
Luciani, 2005). The schackoinids and globigerinelloids are intermediate-dwellers, 
although the first are r-mode opportunists of eutrophic environments and the latter 
inhabit eutrophic-mesotrophic environments (Coccioni & Luciana, 2005). 
 
The Heterohelix shift occurs at the base of the black laminated limestones and grey 
calcareous marls of the Bahloul Formation (Caron et al., 2006). In Caron et al. (2006), 
the interval from the base of the Bahloul Formation to when the low-oxygen tolerant 
benthonic foraminifera Bulimina consistently reappears, is a low diversity interval 
composed of opportunistic heterohelicid (including the low-oxygen tolerant Heterohelix 
moremani), hedbergellid, whiteinellid and stress-tolerant guembelitrid planktonic 
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foraminfera, with some radiolarians (also indicative of eutrophic surface waters), 
calcispheres and diatoms. This lower section of the Bahloul Formation is correlated here 
with the third stage of Keller et al. (2008). It has less calcareous marls than the 
remainder of the formation (i.e. a significant proportion of the lower section consists of 
black laminated limestones that are very rich in pellets of organic matter) (Caron et al., 
2006). At Eastbourne, the Heterohelix shift is associated with the second δ13C peak 
(Keller et al., 2001). However, at the base of the Bahloul Formation, the second δ13C 
peak appears to be subdued (Caron et al., 2006). 
 
On the southern margin of eastern Tethys, in the dark shales and grey calcareous 
claystones and marls of the Lengqingre Formation that were deposited on the northern 
edge of the Indian plate, the Upper Cenomanian Rotalipora extinction Planktonic 
Foraminiferal Subzone is also missing (Wan et al., 2003). The extinction of the 
rotaliporids and Globigerinelloides bentonensis and loss of benthonic foraminifera is 
followed by a dysaerobic, low diversity “survival interval” of surface-dwelling 
foraminifera and nannoplankton and ‘microfilaments’ blooms (Wan et al., 2003) that is 
correlated here with the third stage of Keller et al. (2008). At Gamba this organic-rich 
interval is characterised by mesotrophic to eutrophic, surface-dwelling planktonic 
foraminifera, no benthonic foraminifera and common framboidal pyrite. More persistent 
anoxia is recorded in the black shales of the Gyabula Formation of the restricted basin at 
Gyangze (Wang et al., 2001), but at Tingri this more calcareous, probably shallower, 
interval has planktonic foraminifera characteristic of surface and intermediate, 
mesotrophic waters, and hence, slightly more oxic conditions. As Coccioni and Luciani 
(2005) noted for their study of the Bonarelli Level, “each section has its own 
peculiarities, clearly indicating more or less extreme environmental conditions,” which 
is attributed to regional variations like palaeobathymetry, basin physiography and 
distance from land. 
 
On the Exmouth Plateau, Thurow et al. (1992) identified two black shales in ODP 763C, 
which are here correlated with the first and third stages of Keller et al. (2008). The first 
black shale, which records the first positive 13C shift and the first total organic carbon 
maximum of 15%, is 5 cm thick and contains abundant clinoptilolite (zeolite) and opal-
CT (which is derived diagenetically from precursor radiolarian tests), framboidal pyrite, 
tabular barite (which is indicative of enhanced surface productivity and/or very low 
sedimentation rates) and oval, phosphatised (CaF-apatite), anaerobic bacteria. The 
second black shale, which is very similar in character to the first, records the second, 
substantially larger, positive 13C shift and the second total organic carbon maximum of 
26%, and is 15 cm thick. The contact between the black shale and the underlying Upper 
Cenomanian light-coloured clayey nannofossil chalk is sharp (Exon et al., 1992). In 
nearby ODP 762C, Haq et al. (1990) identified a dark brown fissile claystone, which 
represents the culmination of the CTBE, and Exon et al. (1992) note that although 
calcareous foraminifera are usually lacking, arenaceous foraminifera and radiolarians, 
which are commonly pyritised, are present. 
 
Thurow et al. (1992) note that on the northwest margin of Australia the CTBE is 
recorded in shallow- to deep-water settings and the “sedimentological and geochemical 
data clearly indicate that the depositional environment was characterized by an 
intensified and probably expanded oxygen minimum zone with oxic conditions 
prevailing at greater water depth. This is especially demonstrated by the presence of 
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organic carbon- and trace metal-rich black shales at shelf sites and parallel Mn-
accumulation at deep-sea sites.” Due to extensive flooding of lowland areas an 
enormous amount of nutrients was leached from the land and transported into the 
oceans, which resulted in “high plankton productivity and strong intensification and 
finally expansion of the oxygen minimum zone both horizontally and vertically in 
marginal seas, but only to weak oxygen minimum zone intensification along margins 
bordering the open ocean” (Thurow et al., 1992). 
 
Origin of Pacific Ocean Late Cretaceous and Cenozoic Deep-
Sea Ostracod Faunas 
  
During the middle-late Eocene the thermocline formed between the shallow, warm 
thermosphere above and the deep, cold, dense psychrosphere below (Benson, 1975, 
1990; Benson et al., 1984, 1985; Steineck et al., 1984; Whatley & Coles, 1991; 
Whatley, 1992). This stratification of the marine environment ultimately resulted in 
blind, deep-sea ostracod faunas, adapted to temperatures below 8-10°C, that are 
distinctly different to those that live above the thermocline, where temperatures are 
warmer. The thermocline is a zone where there is an accelerated decline in temperature 
with depth and it usually occurs between depths of 50-1000 metres, with shallower 
depths characteristic of the low latitudes (tropics) and summertime in the mid latitudes. 
At high latitudes the thermocline may be seasonal. Where the thermocline exists it 
represents a major barrier to the migration of benthonic ostracods. However, in 
extremely cold, high latitude areas and/or regions where there is upwelling of cold, deep 
water masses, deep-sea (psychrospheric) ostracod faunas occur at much shallower 
depths than normal, alongside typical shallow marine ostracod faunas (e.g. southern 
Strait of Magellan - Whatley et al., 1997b). 
 
Prior to the formation of a marked thermocline, slow tectonic subsidence could 
gradually induct Late Cretaceous or early Paleogene shelf faunas into the deep-sea  
(Whatley & Coles, 1991). Based on evolutionary studies of the ornate trachyleberids 
Poseidonamicus and Bradleya, Whatley et al. (1983) demonstrated that these two genera 
invaded the bathyal environment in the late Paleogene and the abyssal environment in 
the early Neogene, probably involuntarily as the shallow shelf of the Southwest Pacific 
Ocean (including the Tasman Sea between Australia and New Zealand) slowly subsided. 
“The subsidence took place slowly enough to allow elements of the ostracod fauna to 
accommodate to the changing conditions and to survive” (Whatley et al., 1983). Not all 
of the ostracod fauna survived this transition into the deep sea. For example, in this 
region the warm water genus Cytherelloidea occurs with sighted species in the outer 
shelf deposits of the Paleocene and early Eocene but by the late Paleogene it and sighted 
species have vanished (Whatley, 1983b). 
 
In the North Atlantic and Pacific Oceans, the largest increment in deep-sea ostracod 
species diversity occurs in the middle Eocene, “coincident with the global development 
of the psychrosphere” (Coles et al., 1990) and the establishment of the Indo-West 
Pacific Ocean as a centre of high diversity (Briggs, 1999). Many of the genera that are 
typical of the deep-sea, such as Poseidonamicus and Bradleya, do not appear until the 
middle Eocene (Coles et al., 1990). The subsequent higher species diversity during the 
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Miocene to Pliocene of the Pacific Ocean, compared to the North Atlantic Ocean, is 
partly due to the many species that originated in the Southwest Pacific and migrated 
from bathyal to abyssal depths (Whatley, 1983b; Coles et al., 1990). 
 
In the North Atlantic and Pacific Oceans, Paleocene deep-sea ostracod species diversity 
is low and the “faunas most closely resemble those of Upper Cretaceous chalks in 
composition” (Coles et al., 1990). At least 38 genera from these two oceans also occur 
in the shallow marine Upper Cretaceous deposits of North West Europe, the Gulf Coast-
Caribbean area, Argentina, the Falkland Plateau, South Africa and Western Australia 
(Coles et al., 1990). 
 
It is interesting to note that in 1976, Neale observed that some genera (Pennyella, 
Collisarboris, Munseyella, Oculocytheropteron and Trachyleberis, which is now 
assigned to the genus Glencoeleberis) appeared to have originated in the shallow marine 
Upper Cretaceous chalks of Western Australia and migrated at a later date. The genus 
Pennyella is subsequently recorded in the deep-sea ostracod faunas of both the Pacific 
and North Atlantic Oceans (Coles et al., 1990). Also, Whatley (1983b) describes the 
genus Toolongella as a Mesozoic relic from the Late Cretaceous of Western Australia 
“which survives in bathyal palaeodepths to the Pliocene” in the Southwest Pacific, and 
Cretaceratina trispinosa Neale, 1975 (which was subsequently assigned to the genus 
Pariceratina) as another “that survives on the Ita Mai Tai Guyot to the Miocene.” The 
genus Cytheralison from the Late Cretaceous of Western Australia, which is now 
assigned to the genus Debissonia, could also be added to this list as it is subsequently 
recorded in bathyal sediments of the Southwest Pacific from the Eocene to the 
Quaternary (Whatley, 1983b; Coles et al., 1990). 
 
Boomer et al. (1995) note that with respect to the deep-sea Bythocytheridae of the 
Central and Southwest Pacific, that they probably migrated down-slope, and down a 
diversity gradient, from Upper Cretaceous or lower Paleogene relatively shallow shelf 
deposits, prior to the intensification of the thermocline in the late Eocene. This down-
slope migration is considered to be a “response to increased biological competition on 
the shelf” and an early Eocene diversity peak to the apparent ability of bythocytherids to 
tolerate variable water temperatures and withstand reduced oxygen levels (Boomer et 
al., 1995). With respect to Western Australia, the examples given are Pariceratina 
trispinosa, which is very probably ancestral to the Maastrichtian to mid Miocene 
Pariceratina ubiquita of the Pacific, and Profundobythere volans (the juvenile 
Hermanites volans Neale, 1975 synonymous with the Profundobythere sp. 1 of this 
study), both of which were originally recorded by Neale (1975) in the Santonian Gingin 
Chalk of the Perth Basin. Other ostracod species recorded by Neale (1975), which have 
been recorded by Boomer et al. (1995) in the Pacific deep-sea, are Hemiparacytheridea 
hemingwayi, Parahemingwayella ginginensis, Bythocypris howchiniana, Pedicythere 
australis, Semicytherura cretae and Pennyella pennyi. 
 
Pelecocythere is also another deep-sea genus (Whatley, 1983b; Coles et al., 1990) that is 
first recorded in the shallow marine deposits of the Carnarvon and Perth Basins of 
Western Australia (Dingle, 2009) and the Santos Basin of southeast Brazil (Piovesan et 
al., 2010), which migrated into the deep-sea in the latest Maastrichtian, based on the 
occurrence of Pelecocythere cf. trinidadensis (van den Bold, 1960) in the bathyal 
sediments of the western tropical Atlantic Ocean (Guernet & Danelian, 2006). 
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Coles et al. (1990) provide evidence of inter-oceanic migration between the Pacific and 
North Atlantic Oceans, and that the origins of the Paleogene to Recent cosmopolitan 
deep-sea fauna is varied. In 1987, Whatley was surprised that “more deep sea species are 
not cosmopolitan, particularly abyssal species.” It was thought that migration along 
continental slopes and across abyssal plains would be much easier for deep-sea 
ostracods than for the shallow marine ostracods of the continental shelves due to the 
“absence of latitudinal influence on temperature and of seasonal effects” (Whatley, 
1987). However, the deep-sea is not homogeneous (i.e., it is characterised by various 
water masses) and “paleoceanographers have shown that deep-sea circulation responds 
dynamically to global climate changes … and that deep-sea benthic faunas respond to … 
climate-induced variability in food resources” (Cronin et al., 1999). Dingle and Lord 
(1990) showed that ostracod faunas in the Atlantic Ocean are associated with particular 
water masses, as do other studies for the northeastern North Atlantic Ocean (Cronin et 
al., 1999; Didié et al., 2002), the Arctic Ocean (Cronin et al., 1994, 1995; Jones et al., 
1998), the western Pacific Ocean (Corrège, 1993; Ikeya & Cronin, 1993; Ayress et al., 
1997; Zhao et al., 2009), and the Southern Ocean (Ayress et al., 1997; Yasuhara et al., 
2009b). Although ostracods do respond to water mass characteristics (e.g., temperature, 
salinity, dissolved oxygen), Ayress et al. (1997) note that “discrepancies in the upper 
depth level of abyssal taxa between the Pacific and Atlantic Oceans suggest that 
different watermasses or other environmental variables control their upper range in 
different oceanic basins” and that this needs to be taken into account for inter-oceanic 
studies. Other environmental variables that control deep-sea ostracod distribution and 
abundance are food supply (i.e., primarily sinking phytodetritus) and sediment 
characteristics (e.g., dissolved oxygen and organic carbon content) (Yasuhara et al., 
2008). 
 
Materials and Methods 
 
This study is based on 210 sand-sized micropalaeontological residue samples, which 
were processed using standard methods, although the details are unknown. The size of 
the sand fractions of the residues varies from greater than 75 m to greater than 150 m. 
These samples were derived from the sidewall cores of four petroleum exploration wells 
(Eendracht-1, Scarborough-1, Zeewulf-1 and Outtrim-1) of the offshore Northern 
Carnarvon Basin, and the UWA Cardabia stratigraphic hole, the Exac-10 borehole and 
the KG-1 outcrop of the onshore Southern Carnarvon Basin (Table 1.3). The samples 
from the four petroleum exploration wells were provided by the Western Australian 
Mines Department from samples relinquished by Esso Australia Ltd. The samples from 
the UWA Cardabia stratigraphic hole, the Exac-10 borehole and the KG-1 outcrop were 
picked, under the supervision of Professor David Haig, during a twenty-day visit to the 
Geology Department of the University of Western Australia, where they are housed in 
the Micropalaeontological Collection. In addition, Barry Taylor from the University of 
Western Australia collected ten ostracod specimens from Barremian samples of 
Barrabiddy-1, of the onshore Southern Carnarvon Basin, and the SEM images of these 
specimens were given to the author for identification. 
 
In the case of the four petroleum exploration wells (Eendracht-1, Scarborough-1, 
Zeewulf-1 and Outtrim-1), the ostracod fauna was sparse, with some samples barren, 
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and consequently, the entire available residue was picked for ostracods. For each of 
these samples, where possible, about 400 foraminifera were also collected. After the 
non-selective picking of about the first 320 foraminifera, if planktonic foraminifera 
predominated, the remainder of the residue was selectively picked for benthonic 
foraminifera. Other interesting grains were also collected and the sand fraction of each 
sample was described. 
 
Well/Section Area Operator Year Latitude Longitude 
Eendracht-1 Exmouth Plateau Esso Australia Ltd 1980 19 54 29 S 112 14 35 E 
Scarborough-1 Exmouth Plateau Esso Australia Ltd 1979 19 53 07 S 113 08 45 E 
Zeewulf-1 Kangaroo Trough Esso Australia Ltd 1979 21 06 33 S 113 37 13 E 
Outtrim-1 Alpha Arch Esso Australia Ltd 1984 21 31 53 S 114 27 03 E 
Exac-10 Giralia Anticline ASARCO 2003 22 39 44 S 114 16 16 E 
KG-1 Giralia Anticline Kim Grey 1986 22 39 53 S 114 14 29 E 
UWA Cardabia  The University of Western Australia  23 04 57 S 114 03 12 E 
Barrabiddy-1 Wandagee Ridge 
Geological Survey 
of Western 
Australia 
1996 23 49 57 S 114 20 00 E 
 
Table 1.3. Location of the studied sections in the Carnarvon Basin. 
 
In contrast, the samples from the UWA Cardabia stratigraphic hole, the Exac-10 
borehole and the KG-1 outcrop were richer in ostracods, and due to a twenty-day time 
constraint it was necessary to be selective about how much residue to pick. Thirty 
samples of the KG-1 outcrop and 16 samples of the UWA Cardabia stratigraphic hole 
were picked by the author, whilst 20 samples of the Exac-10 borehole were very kindly 
picked by Ben Leonard, a student of the Geology Department of the University of 
Western Australia. For the UWA Cardabia stratigraphic hole and the KG-1 outcrop, 
other interesting grains and a few foraminifera were also collected and the sand fraction 
of each sample was described. 
 
The ostracods were identified using a binocular microscope and images of selected 
specimens were produced using the Scanning Electron Microscopes (SEMs) of Deakin 
University (images taken by the author) and Melbourne University (images taken by 
Graham Hutchinson). 
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Part 1 
Chapter 2 
Jurassic and Early Cretaceous Ostracods from 
Western Australia and the Evolution of the 
Indian Ocean 
 
Introduction 
 
This chapter is focused on the Jurassic to Early Cretaceous marine ostracod faunas of 
Western Australia, their temporal changes, and their links with other, primarily 
Gondwanan, ostracod faunas. Interpretation of this data illuminates the chronology 
of fragmentation of Gondwana, the development of new seaways, and helps 
significantly in developing a scenario for the overall evolution of the Indian Ocean. 
A version of this chapter has been published in the International Year of Planet Earth 
publication “Earth and Life: Global Biodiversity, Extinction Intervals and 
Biogeographic Perturbations Through Time” (Guzel, 2012). 
 
Data 
 
Most of the data for this study is derived from an extensive review and, where 
necessary, reinterpretation of previous studies on the Jurassic and Early Cretaceous 
ostracods from Western Australia, Argentina, southern Chile, the Falkland Plateau, 
the Agulhas Bank, South Africa, the Mozambique Ridge, India, Madagascar, 
Tanzania, northern Somalia, Saudi Arabia, Jordan, Israel and Egypt. All 
reinterpretations, including instances of synonymy, are also discussed below. 
Unpublished data consists of a diverse Middle–Late Albian marine ostracod fauna 
from three petroleum exploration wells (Zeewulf-1, Scarborough-1 and Eendracht-1) 
on the Exmouth Plateau of offshore western Australia, and 10 previously 
unidentified ostracods from the Barremian Muderong Shale of the Southern 
Carnarvon Platform of onshore Western Australia. Barry Taylor of the University of 
Western Australia generously made the Barremian ostracods available. 
 
Palaeobiogeographic Interpretation and Taxonomic 
Discussions 
 
Early Jurassic 
 
“During the Late Triassic and Early Jurassic there was clear similarity between the 
facies and associated foraminiferal and ostracod microfaunas of the northern 
Exmouth Plateau/Rowley Terrace area and those of other southern Tethyan margins, 
including the Northern Calcareous Alps” (Colwell et al., 1994). Arias and Whatley 
(2005) note that in the Pliensbachian (Early Jurassic), the northwestern and central 
European ostracod faunas of Denmark and Germany are very similar to the Tethyan 
faunas of northwest Africa, which indicates that Tethys had an open marine 
connection to the northern epicontinental sea. Lord et al. (1993) also identified an 
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Early Jurassic ostracod fauna of mostly poorly preserved and juvenile forms from 
northwest Australia whose “basic assemblage composition is essentially similar to 
that found in northwestern Europe”. This similarity was based on healdiid and 
cytheroid taxa with subordinate bairdioid, platycopine and cladocopine forms. The 
northwest Australian ostracod fauna, however, also has several apparently endemic 
species (Lord et al., 1993). Arias (2006), subsequently listed 17 species occurring in 
both Australia and the Northern Hemisphere, three of which occur also in the 
Pliensbachian of west-central Argentina. Such similarities indicate that the extensive 
Late Triassic and Early Jurassic marine shelf along northern Gondwana displayed 
little variation in its depositional conditions (Lord et al., 1993; Colwell et al., 1994). 
 
The Australian ostracod fauna shared several healdiid and Polycope species - an 
Early Jurassic cosmopolitan element (Lord, 1988) - with northwest and central 
Europe, including the Paris Basin (cf. Arias & Whatley, 2005, Table 6). The healdiid 
Hermiella appears, however, to have originated from the east Himalayas-northwest 
Australia-Timor area. Its first appearance in that region was ?Hettangian; much 
earlier than in the Pliensbachian of North Africa and Europe (Lord, 1988; Lord et al., 
1993; Arias, 2006). Other Australian Early Jurassic ostracod species also occur in 
Europe, or are similar to European species (Arias, 2006, Table 2). Once the healdiids 
(and the whole Suborder Metacopina) became extinct in the earliest Toarcian (Arias 
& Whatley, 2005), the cytherids rapidly diversified and occupied vacated niches in 
epicontinental seas (Ballent & Whatley, 2000), the Early Jurassic epicontinental seas 
of northwest Europe being thought to be “the locus of evolution” for the Cytheroidea 
(Lord, 1988). Although some Australian ostracods may be endemic, there is a strong 
European bias, with both localities belonging to the eastern and western ends of 
Tethys, respectively. Refinement of Early Jurassic Tethyan palaeobiogeography 
awaits improved biostratigraphic resolution of the eastern end of Tethys and more 
information from the extensive marine shelf along northern Gondwana. 
 
‘Progonocytherinae’ genus A, represented by a juvenile carapace and a juvenile 
valve from the Lower Jurassic (Sinemurian–Pliensbachian) open marine deposits of 
Gandara-1, northwest Australia, was not illustrated by Lord et al. (1993), but is said 
to resemble Progonocythere (of Bajocian–Kimmeridgian age according to Whatley 
and Ballent (1996)); it may be ancestral to Majungaella of Late Bathonian–Early 
Callovian (Neale & Singh, 1986; Khosla et al., 1997; Khosla & Jakhar, 1999) to late 
Pliocene age (Whatley et al., 2005), “which is strictly gondwanine in its distribution” 
(Ballent et al., 1998). Whatley and Ballent (1996) note that Progonocythere “has a 
geographical range largely restricted to the Northern Hemisphere, particularly Britain 
and Europe”. Exceptions are Progonocythere sadharaensis Khosla, Jakhar, Nagori 
and Darwin Felix, 2003 and P. jaisalmerensis Khosla, Jakhar, Nagori and Darwin 
Felix, 2003 from the Bajocian–Bathonian of northwest India (Khosla et al., 2005, 
2006), P. kutchensis Guha, 1976 from the Bathonian of northwest India (Guha, 
1976), P. laeviscula Lyubimova and Mohan, 1960 from the Late Bathonian–Early 
Callovian of northwest India (Guha, 1976; Kulshreshtha et al., 1985; Neale & Singh, 
1986; Khosla et al., 1997, 2003, 2004, 2005; Khosla & Jakhar, 1999) and 
Madagascar (Grékoff, 1963), and a Progonocythere sp. from the Kimmeridgian of 
northwest India (Khosla et al., 1997). Another Progonocythere sp. is reported in the 
Early–Middle Callovian of northwest India (Khosla et al., 2003) but is neither 
illustrated nor described. Progonocythere species, including P. laeviscula 
Lyubimova and Mohan, 1960, also occur in the Bajocian–Oxfordian of the Middle 
East (Saudi Arabia, Egypt and Israel) (Dépêche et al., 1987; Rosenfeld et al., 1987a; 
Rosenfeld & Honigstein, 1991). 
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‘Progonocytherinae’ genus B, a single specimen from the Lower/Middle Jurassic 
(Upper Toarcian or Aalenian) open/restricted marine deposits of Brigadier-1, 
northwest Australia, is illustrated (Figure 6D, Lord et al., 1993) and is tentatively 
assigned here to Fastigatocythere. Fastigatocythere grossepunctata (Chapman, 
1904), the earliest Fastigatocythere recorded by Whatley and Ballent (1996), is the 
most frequent species in the ostracod assemblage obtained from the Middle Jurassic 
of southwest Australia (i.e. the Lower Bajocian Newmarracarra Limestone) (Malz & 
Oertli, 1993; Lord et al., 2006). This species is thought to be ancestral to F. 
befotakaensis (Grékoff, 1963) (Malz & Oertli, 1993); it occurs in the Bajocian–
Callovian of northwest India (Guha, 1976; Neale & Singh, 1986; Khosla et al., 1997, 
2003, 2004, 2005, 2006; Khosla & Jakhar, 1999) and the Late Bathonian–Early 
Callovian of Madagascar (Grékoff, 1963; Mette, 2004). Other Fastigatocythere 
species have been recorded in the Bajocian–Callovian of Madagascar (Grékoff, 
1963; Mette, 2004), northwest India (Guha, 1976; Neale & Singh, 1986; Khosla et 
al., 1997, 2003, 2004, 2005, 2006; Khosla & Jakhar, 1999), Saudi Arabia (Dépêche 
et al., 1987) and Egypt (Rosenfeld et al., 1987a), the Bathonian of Jordan (Basha, 
1980), the Bathonian–Oxfordian of Israel (Maync, 1965; Rosenfeld & Honigstein, 
1991), the Early Callovian of northern Somalia (Mette, 1993), the Middle Callovian 
of Tanzania (Bate, 1975), the Oxfordian of Madagascar (Rafara, 1990), the 
Oxfordian–early Kimmeridgian of Tanzania (Sames, 2008) and Saudi Arabia 
(Dépêche et al., 1987), the Oxfordian–Tithonian of northwest India (Guha, 1976; 
Neale & Singh, 1986), the middle–late Kimmeridgian of Tanzania (Bate, 1975), the 
beginning of the Cretaceous to the Hauterivian of South Africa (Dingle & Klinger, 
1972; McLachlan et al., 1976a), possibly the Late Valanginian of southern Argentina 
(Kielbowicz et al., 1983), and the Late Albian–Turonian of northwest India (Singh, 
1997; Andreu et al., 2007). This genus has also been recorded from the Bathonian–
Kimmeridgian of offshore eastern Canada, Britain and Europe, and possibly the 
Middle Callovian of Argentina (Whatley & Ballent, 1996). 
 
If ‘Progonocytherinae’ genus A and ‘Progonocytherinae’ genus B from the Early 
Jurassic of Western Australia are indeed Progonocythere and Fastigatocythere then 
they represent the earliest known examples of these two genera, and of the Family 
Progonocytheridae. In addition, the punctate juveniles identified as 
Camptocythere/Praeschuleridea? (Figures 7.17 and 7.18, Lord et al., 1993) in the 
Lower Jurassic (Sinemurian–Pliensbachian) open marine deposits of Gandara-1, may 
be juvenile progonocytherids. Consequently, this may be the region from which the 
progonocytherids originated and dispersed, as did the Early Jurassic healdiid 
Hermiella. 
 
Middle Jurassic 
 
During the Bajocian, after the onset of rifting between Madagascar and East Africa at 
the Early/Middle Jurassic boundary (Geiger et al., 2004; Papini & Benvenuti, 2008), 
East Gondwana (Australia, Antarctica, Greater India, Madagascar and the 
Seychelles) and West Gondwana (Africa and South America) began to drift apart, 
forming the western Indian Ocean between the east coast of Africa and the west 
coast of Madagascar/Greater India. Farther south, the Falkland Plateau rifted away 
from Gondwana (Stone et al., 2008). These plate movements impacted on the 
geographic distribution of marine ostracods. A Southern Hemisphere faunal element 
began to develop, characterised by the occurrence of Paradoxorhyncha, 
JURASSIC & EARLY CRETACEOUS OSTRACODS 
 28
 
Gondwanacythere, Mandawacythere and Indeterminate Genus australis; this is 
illustrated in Figure 2.1. 
 
Table 2.1 records the distribution of ostracod genera from the Middle Jurassic of 
southwest Australia identified by Malz and Oertli (1993) and Lord et al. (2006); it 
illustrates that in the Middle Jurassic, Western Australia had links with Europe 
(including offshore eastern Canada), the Middle East, East Africa, Madagascar and 
India via Tethys, and Argentina via the southern margin of Gondwana. The strongest 
links were with west-central Argentina and northwest India, Madagascar and 
Tanzania, all of which belong to Dingle’s (1988) South Gondwana Province. There 
was a weaker link with Saudi Arabia; it shared several species with Tanzania, 
Madagascar and India (Mette, 2004, Figure 4). India, Madagascar, Tanzania and 
northern Somalia formed an East Tethys Province. Saudi Arabia, Israel, Egypt and 
Jordan formed part of a South Tethys Province, which was isolated from the North 
Tethys by an oceanic barrier (Dépêche et al., 1987). 
 
 
 
Figure 2.1. Distribution of some Middle Jurassic ostracod genera listed in Table 2.1, 
illustrating emergence of a Southern Hemisphere faunal element characterised by 
Paradoxorhyncha, Gondwanacythere, Mandawacythere and Indeterminate Genus 
australis. 
 
Malz and Oertli (1993) and Lord et al. (2006) studied material from the Lower 
Bajocian Newmarracarra Limestone at Bringo, Fossil Hill and Mount Hill, Western 
Australia. Malz and Oertli (1993) revised and re-illustrated Chapman’s (1904) 
ostracod types from the Newmarracarra Limestone. This ostracod assemblage is 
peculiar; it consists entirely of cytheroids (Lord et al., 2006). 
 
In addition to Fastigatocythere grossepunctata (Chapman, 1904), the most frequent 
species of the ostracod assemblage, Lord et al. (2006) identified Amicytheridea sp., a 
genus which, according to Whatley and Ballent (1996), is synonymous with 
Fastigatocythere.
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Western 
Australia 
Argentina India Madagascar Tanzania Northern
Somalia 
Saudi 
Arabia 
Jordan Egypt Israel Europe 
(including
Offshore 
Eastern 
Canada) 
Fastigatocythere ? * * * * * * * * * 
Eucytherura * *  *    *  * 
Paradoxorhyncha *  *        
Gondwanacythere  * *        
Mandawacythere  *    *     
Indeterminate 
Genus australis 
 *         
Aitkenicythere           
Bringocythere           
Fistulosacythere           
“Kirtonella”           
“Hekistocythere”           
“Procytheridea” ?           
“Pleurocythere” ?           
Gen. et sp. indet. 
sp. 2 
          
 
 
Table 2.1. The distribution of Western Australian Middle Jurassic ostracod genera.
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Paradoxorhyncha foveolata Chapman, 1904, P. jurassica (Chapman, 1904), P? 
australiensis (Chapman, 1904; misspelt as P? australiense), and P? sp. were 
identified by Malz and Oertli (1993). Ballent and Whatley (1996) removed 
Paradoxorhyncha from Progonocytheridae, Progonocytherinae, placing it in 
Cytheruridae, Cytheropterinae. Besides these four Early Bajocian species from 
Western Australia there is also a species from the Late Aalenian–Early Bajocian of 
west-central Argentina called P. neuquenensis (Ballent, 1991); it is very similar to P? 
australiensis (Chapman, 1904) in shape, outline and densely pitted ornament, 
although smaller in size. Mette (2004) also recorded P? australiensis (Chapman, 
1904) with P. “malgachica” Mette and Geiger, 2004, and another unidentifiable 
species of Paradoxorhyncha from the Bajocian of Madagascar, as well as a possible 
P. species from the Bathonian of Madagascar. The distribution of Paradoxorhyncha, 
“an endemic faunal element in the Southern Hemisphere” (Ballent & Whatley, 
1996), indicates that a migration route existed along the marine shelf of the southern 
margin of Gondwana enabling faunas, including ammonoids (Riccardi, 1991) and 
benthonic foraminifera (Ballent, 1987), to move between western Argentina and 
Western Australia, and along the Tethyan northern margin of Gondwana between 
Western Australia and Madagascar. 
 
However, based on new material, Lord et al. (2006) are no longer convinced that the 
Western Australian species, first described by Chapman (1904), are indeed 
congeneric but are “uncertain as to their generic position”. Ballent and Whatley 
(2009) also noted that “Gen. indet. B of Bate et al. 1984 (pl. 5, figs 12, 14, 15)” from 
the Pliensbachian of DSDP Site 547 off North Africa “strongly resembles species of 
Paradoxorhyncha”. More work is needed to unravel the relationships of this genus 
and to determine if any migrations occurred via the Hispanic Corridor. 
 
Lord et al. (2006) defined three new genera, two of which, Fistulosacythere and 
Bringocythere, are endemic, monotypic and of uncertain familial affinity. The third, 
Gondwanacythere, belonging to the Family Progonocytheridae, Subfamily 
Progonocytherinae, is represented by the new species G. decipiens Lord, Malz and 
Whittaker, 2006, and G. prolongata (Malz and Oertli, 1993), previously described as 
Strictocythere prolongata Malz and Oertli, 1993 and referred to Progonocythere by 
Whatley and Ballent (1996). According to Lord et al. (2006), P. retusa Grékoff, 
1963 from the middle to Late Bathonian of Madagascar (Grékoff, 1963) may also 
belong to this genus. 
 
Progonocythere haboensis Khosla and Jakhar, 1997 from the Late Bathonian–Early 
Callovian of northwest India (Khosla et al., 1997), resembles P. retusa Grékoff, 
1963; it should probably be assigned to Gondwanacythere. This species is described 
as having an elongate-subovate outline, a rather entomodont hinge and straight 
marginal pore canals (Khosla et al., 1997, p. 22); the illustrations (Ibid. Plate 6, 
Figures 1–2) demonstrate that the ventral inflation is not strong and there are no 
marginal rims. Whereas G. decipiens Lord, Malz and Whittaker, 2006 (Lord et al., 
2006, p. 198, Plate 4, Figures 2–10 and Plate 5, Figures 1–8) and P. retusa Grékoff, 
1963 (Grékoff, 1963, pp. 1737–1738, Plate 3, Figures 81–87) have chevron-shaped 
ridges, and G. prolongata (Malz and Oertli, 1993) (Lord et al., 2006, p. 198, Plate 1, 
Figure 3 and Plate 6, Figures 1–8) has irregular punctae, P. haboensis Khosla and 
Jakhar, 1997 has indistinct pits as surface ornament. P. tharensis Khosla and Jakhar, 
2006 from the Bajocian–Bathonian of northwest India (Khosla et al., 2006) should 
also probably be assigned to Gondwanacythere. This species is described as having 
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an elongate-subquadrate outline, entomodont hinge, and a smooth surface with an 
indistinct anterodorsal furrow (Khosla et al., 2006, pp. 20, 22); the illustrations (Plate 
3, Figures 14–16) demonstrate that the ventral inflation is not strong. 
 
Lord et al. (2006) are of the opinion that Strictocythere should not be considered 
synonymous with Progonocythere. The genus Strictocythere “is characterised by an 
elongate-oval shape in lateral outline versus the typical rectangular outline in 
Progonocythere with its strong ventral overhang” (Malz & Oertli, 1993). A similar 
distinction exists between the Southern Hemisphere genera Gondwanacythere and 
Majungaella (Lord et al., 2006). 
 
Lord et al. (2006, p. 199, Plate 9, Figures 6–10) have also assigned Procytherura? 
sp. of Malz and Oertli (1993) to a new “species of unknown generic affiliation within 
the Superfamily Cytheroidea”, that is, Indeterminate Genus australis. Protobuntonia 
sp. from the Middle to Late Callovian of northwest India (Khosla et al., 2006, p. 27, 
Plate 5, Figures 19–20 and Plate 6, Figure 1) should also probably be assigned to the 
same genus. They are both subtriangular in lateral outline, biconvex in dorsal view, 
with slightly inflated ventral regions and with greatest height at the anterior cardinal 
angle. The anterior margin is broadly rounded with a weak marginal rim; the dorsal 
and ventral margins taper to form a narrow, rounded posterior margin. The surface of 
the Australian species is “coarsely punctate anteriorly becoming finer in posterior 
half of valve” (Lord et al., 2006, p. 199) whereas that of the Indian species is smooth 
with the exception of “a faint downwardly curved rib near ventral margin giving it an 
angulated look” (Khosla et al., 2006, p. 27). The internal characters of the Indian 
species are not known but the Australian species has “a weakly developed merodont” 
hinge and well-developed duplicature (Lord et al., 2006, p. 199). In contrast, the 
genus Protobuntonia has an amphidont hinge and an acutely pointed posterior end 
(van Morkhoven, 1963, pp. 218–220). 
 
Although Mandawacythere sp. is rare in the Lower Bajocian Newmarracarra 
Limestone of Western Australia (Malz & Oertli, 1993; Lord et al., 2006), it is a very 
distinctive element of the Southern Hemisphere fauna. Malz and Oertli (1993) note 
that Mandawacythere sp. has “a close relationship with the type species”, M. striata 
Bate, 1975, from the Kimmeridgian (Late Jurassic) of Madagascar and Tanzania 
(Grékoff, 1963; Bate, 1975). Several species have been described from the Bajocian–
Callovian (Middle Jurassic) of northwest India (Neale & Singh, 1986; Khosla et al., 
2003, 2004, 2005, 2006) and the Middle Callovian of Saudi Arabia (Dépêche et al., 
1987). Mandawacythere also occurs in the Oxfordian (Late Jurassic) of Madagascar 
(Rafara, 1990; Mette, 2004) and the end of the Jurassic or start of the Cretaceous of 
Tanzania (Sames, 2008). Khosla et al. (2005, 2006) subsequently assigned this genus 
to the Family Protocytheridae, rather than the Family Trachyleberididae. 
 
Gen. et sp. indeterminate sp. 1 (Lord et al., 2006, p. 201) is said to resemble the 
Early Jurassic genus Pleurifera. But comparison of the illustration (Lord et al., 2006, 
Plate 11, Figure 4) with Aitkenicythere gracilis (Bate, 1975) from the middle/late 
Kimmeridgian (Late Jurassic) of Tanzania (Bate, 1975, pp. 202-203, Plate 10, 
Figures 11–14 and Plate 11, Figures 1-4) reveals a remarkable similarity, particularly 
in arrangement of the ridges, and as a consequence this species is assigned 
tentatively to Aitkenicythere. A. cf. gracilis (Bate, 1975) also occurs in the Oxfordian 
(Late Jurassic) of Israel (Rosenfeld et al., 1987b). 
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Malz and Oertli (1993) compare Renicytherura sp. to ‘Cytheropteron’ sp. A from the 
Early Toarcian of southwest Germany, and Toarcian species from England formerly 
included in Eucytherura; they note differences in aspects of the caudal process. Lord 
et al. (2006) are of the opinion that this assignment is provisional, the real generic 
affiliation being uncertain. However, Renicytherura sp. is very similar to 
Eucytherura argentina Ballent, 1991 from the Aalenian–Bajocian boundary of west-
central Argentina (Ballent, 1990, 1991; Ballent & Whatley, 2009) with a similar 
shape and pattern of reticulation, a short caudal process, an eye tubercle beneath the 
anterior cardinal angle, a short ocular rib extending anteroventrally, a ventrolateral 
rib, and a faint dorsal rib. The main difference appears to be ornamental, i.e., in the 
type of fossae and degree of celation. The fossae of E. argentina Ballent, 1991 are 
subquadrate and, in some instances, subrounded due to celation (Ballent & Whatley 
2009, p. 198, Plate 1, Figures 10–11). Renicytherura sp. is smoothly reticulate due to 
additional celation having reduced the fossae to narrow slits; it also has an almost 
vertical posterior rib (Malz & Oertli, 1993, p. 134, Figures 6.37, 6.38; Lord et al., 
2006, pp. 200–201, Plate 11, Figures 14–19). Consequently, Renicytherura sp. is 
here assigned to Eucytherura. It is noted by Ballent and Whatley (2009) that the 
genus Rutlandella is regarded as “one of the many junior synonyms of Eucytherura”, 
and consequently “Rutlandella” ? sp., which Lord et al. (2006) notes “bears some 
resemblance in its small size and presence of eye spot to R. mimica Bate & Coleman 
1975, described by those authors from the Toarcian of England”, is also a species of 
Eucytherura. 
 
Ballent and Whatley (2009) described several species of Eucytherura from the Early 
Jurassic (Late Pliensbachian) and Middle Jurassic (Late Aalenian–Early Bajocian 
and Middle-Late Callovian) of west-central Argentina, with some of these species 
also recorded in the Early Sinemurian of offshore southwest Ireland, the Sinemurian–
Early Toarcian of Wales, the Late Sinemurian–Early Toarcian of southwest 
Germany, the Late Sinemurian–Late Pliensbachian of the Danish Embayment and 
Sweden, the Pliensbachian of DSDP Site 547 off North Africa, the Early–middle 
Toarcian of England, the Toarcian-Aalenian of west-central Europe, the Bajocian of 
Egypt, the Late Bathonian of northwest Germany and possibly the Oxfordian (Late 
Jurassic) of Israel. In the Southern Hemisphere, other species of Eucytherura have 
been recorded in the Bajocian-Early Callovian of northwest India (Khosla et al., 
2005, 2006), the Middle Callovian of Tanzania (Bate, 1975) and the Early 
Cretaceous of west-central Argentina and South Africa (Ballent & Whatley, 2009; 
Brenner & Oertli, 1976; Valicenti & Stephens, 1984). Ballent and Whatley (2009) 
also note that the specimens assigned to Renicytherura in the Sinemurian–
Pliensbachian and Late Toarcian–Aalenian of northwestern Australia (Lord et al., 
1993) may belong to Eucytherura michelseni (Finger, 1983), known from the 
Pliensbachian of the Danish Embayment, Sweden and southwest Germany and the 
Late Aalenian–Early Bajocian of west-central Argentina. 
 
In west-central Argentina, the shallow marine siltstones around the Aalenian–
Bajocian boundary were dominated by a poorly diverse cytheroid fauna consisting 
mainly of Cytheruridae (Ballent, 1990, 1991; Ballent & Whatley, 1997a; Ballent & 
Whatley, 2009) such as Paradoxorhyncha neuquenensis (Ballent, 1991), eight 
species of Eucytherura (including E. argentina Ballent, 1991 and E. michelseni 
(Finger, 1983)), five species of Procytherura, Kangarina sp. and Cytheropteron sp. 
Two of the Procytherura species of west-central Argentina were previously 
identified in the middle Toarcian to Aalenian of the British Isles (Ballent & Whatley, 
2000). Also, in the preceding Late Pliensbachian of west-central Argentina, two 
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Procytherura specimens were obtained, one only tentatively assigned to the genus 
(Ballent & Whatley, 2000). Procytherura first appears in the Sinemurian of DSDP 
Site 547B off North Africa (Bate et al., 1984); it is thought to have migrated from 
there into the epicontinental seas of northwest Europe and through the Hispanic 
Corridor to west-central Argentina (Ballent & Whatley, 2000). In the Early Jurassic, 
Argentinean ostracod faunas were clearly differentiated from those of Australia, but 
shared numerous taxa with Western Europe via the Hispanic Corridor (Arias, 2006). 
 
Procytherura first appeared in the western Indian Ocean in the Callovian of northern 
Somalia (Mette, 1993), Tanzania (Bate, 1975) and northwest India (Kulshreshtha et 
al., 1985). Elsewhere, in the Southern Hemisphere, a species of Procytherura was 
identified in the Middle Callovian of west-central Argentina (Ballent & Whatley, 
2000, 2009). 
 
Lord et al. (2006, p. 200, Plate 9, Figures 16–17) note that “Kirtonella” sp., a 
provisional identification of uncertain affiliation, resembles a Bajocian species from 
northern England. This species is also similar to species of the genus Afrocytheridea 
(Whatley & Ballent, 2004, pp. 103–104, Plate 2, Figures 9-14), except that the hinge 
is antimerodont, rather than entomodont, and the dorsal margin is not sinuous. 
Species of Afrocytheridea have been described from the Callovian (Middle Jurassic) 
of Tunisia, Syria, Israel, Saudi Arabia, Tanzania, northwest India and possibly 
Madagascar, the Late Jurassic of Israel, Saudi Arabia and northern Somalia, and 
possibly the Late Valanginian of South Africa and west-central Argentina (Whatley 
& Ballent, 2004). 
 
The generic affiliations of “Procytheridea?” sp. (Lord et al., 2006, p. 200, Plate 11, 
Figures 1–3), “Pleurocythere” ? sp. (Lord et al., 2006, p. 200, Plate 11, Figures 6–8) 
and “Hekistocythere” sp. (Lord et al., 2006, p. 200, Plate 11, Figures 10–13) were all 
provisional. These three species and Gen. et sp. indeterminate sp. 2 (Lord et al., 
2006, p. 201, Plate 11, Figure 5) have been compared with Northern Hemisphere 
genera but “further material is required to determine the relationships of these 
species and to throw light on their biogeographical distribution patterns, be they 
genuinely world-wide or endemic” (Lord et al., 2006). Interesting relationships may 
be revealed by comparing these with species of Trichordis commonly occurring in 
the Middle and Late Jurassic (Bajocian–Kimmeridgian) of Madagascar, Tanzania, 
India and Saudi Arabia (Whatley & Ballent, 2004; Khosla et al., 2005, 2006), and 
the species of Neurocythere described from the Bajocian–Callovian of northwest 
India (Khosla et al., 1997, 2003, 2004, 2005, 2006; Khosla & Jakhar, 1999) and the 
Callovian of Madagascar (Grékoff, 1963). Neurocythere also ranges, and has a much 
greater diversity, within the Bajocian to Tithonian? of Britain, northwest Europe, the 
Volga region of the former USSR and North America (Whatley & Ballent, 2004). 
 
Like Fastigatocythere and Gondwanacythere, the genera Afrocytheridea, Trichordis 
and Neurocythere belong to the Progonocytheridae. But in contrast to 
Fastigatocythere and Gondwanacythere, both belonging to the Subfamily 
Progonocytherinae, Afrocytheridea, Trichordis and Neurocythere belong to the 
Subfamily Neurocytherinae. Of these genera, only Gondwanacythere is restricted to 
the Southern Hemisphere. 
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Late Jurassic 
 
By the Late Jurassic, the western Indian Ocean extended discontinuously as far south 
as the Rocas Verdes rift basin of southern South America (Calderón et al., 2007); 
this was due to sea-floor spreading in the Weddell Sea between Antarctica and West 
Gondwana (Hathway, 2000). 
 
On the northwest margin of Australia, the onset of rifting in the Callovian (Middle 
Jurassic) is indicated by regional uplift and volcanic activity on the 
Wombat/Exmouth Plateau, Rowley Terrace and Scott Plateau (Heine & Müller, 
2005). In the Oxfordian (Late Jurassic) sea-floor spreading began in the Argo 
Abyssal Plain (Heine & Müller, 2005), but not the northern Gascoyne Abyssal Plain 
(Robb et al., 2005; Direen et al., 2008), with the West Burma Block drifting away 
from the northwest margin of Australia to form the eastern Indian Ocean. 
 
The presence of Early Oxfordian, shallow marine, dinoflagellate cysts in the Cauvery 
Basin of southeast India, similar to those encountered in the Krishna-Godavari Basin 
of eastern India, the Papuan Basin and western Australian Basins, indicates that the 
eastern Indian Ocean extended as far south as southeast India (Narsimha, 2006). 
 
Also, during the Callovian–Middle Oxfordian, Rais et al. (2007) note there is 
sedimentary evidence for strong current activity globally, as well as intense 
equatorial upwelling in the deeper Western Tethys; this coincided with cold global 
temperatures. This was followed by climate warming in the Middle Oxfordian (Rais 
et al., 2007). 
 
From the Argo Abyssal Plain, Oertli (1974) listed and illustrated seven species, 
“each with only one specimen … in a sample at Site 261, Core 33 (Oxfordian).” He 
suggested this sample might be from a nearshore deposit. “Though the few 
specimens of the lowermost core (upper Oxfordian) of Site 261 are of uncertain 
taxonomic position, their general shape and character suggest a shallow-water 
environment” (Oertli, 1974). The seven micro-ostracods are badly corroded, making 
identification difficult, but comparison of Plate 7, Figures 6–12 with published 
illustrations of other Middle-Late Jurassic ostracods indicate a link with ostracods 
from northern Somalia, India, Madagascar and especially Tanzania (an East Tethys 
Province) during the Late Jurassic, and a weak link with Saudi Arabia and Israel 
(part of a South Tethys Province). During the Oxfordian, northern Somalia shares 
numerous species with the South Tethys Province to its north (Mette, 2004, Figure 
4), and one, Pirileberis madoensis Mette, 1993, with Tanzania to its south (Sames, 
2008). But during the Kimmeridgian northern Somalia shares species with Tanzania 
rather than the South Tethys Province (Mette, 2004, Figure 4). The new 
identifications are discussed below, as are links based on occurrences of similar 
genera in other Gondwanan Late Jurassic localities (cf. Table 2.2). By the 
Oxfordian–Kimmeridgian a distinctive Indian Ocean fauna has developed; it is 
represented by the Gondwanan ostracod genera Majungaella and Arculicythere 
(illustrated in Figure 2.2). Similar trends have been deciphered in the ammonoids and 
belemnites (Riccardi, 1991), in the benthonic foraminifers (Talib & Faisal, 2006), 
and in the bivalves (Fürsich & Pandey, 2003). 
 
Challinor (in Grant-Mackie et al., 2000) notes that in the Late Jurassic, based on 
belemnites, northwestern Australia belonged to an Indo-Tethyan Subprovince of the 
Tethyan Province; this included eastern Indonesia and Papua New Guinea and was 
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distinct from the South Pacific Belemnite Province. The last extended along the 
southern margin of Gondwana from South America to New Caledonia. However, in 
the preceding Middle Jurassic, New Caledonia consisted of a mixture of Tethyan and 
South Pacific belemnites (Challinor in Grant-Mackie et al., 2000). In a similar vein, 
the Argo Abyssal Plain ostracod fauna of the Late Jurassic no longer displays any 
links with Argentina. This change is probably a consequence of a reorganisation of 
ocean current patterns. Rais et al. (2007) note that during the transition from Middle 
to Late Jurassic “the most important change in the ocean morphology is the 
deepening of the Hispanic Corridor separating Laurasia and Gondwana”. This 
enabled establishment of a warm circum-equatorial current. 
 
 
 
Figure 2.2. Distribution of the Late Jurassic ostracod genera listed in Table 2.2, 
illustrating the distinctive Indian Ocean fauna that has developed and is characterised 
by the Gondwanan genera Majungaella and Arculicythere. See Figure 2.1 for legend. 
 
Western 
Australia 
India Madagascar Tanzania Northern 
Somalia 
Saudi 
Arabia 
Israel 
Majungaella * * * *   
Arculicythere  * *    
Eucytherura      * 
Procytherura? *  *    
Pontocyprella 
/Bythocypris 
  * *   
Oligocythereis? * ?   * * 
 
Table 2.2. The Gondwanan distribution of Western Australian Late Jurassic ostracod 
genera. 
 
Oertli (1974) thought that the ostracod he illustrated in Plate 7, Figure 11 might be a 
“Metacytheropteron”, but this is very similar to the male right valve of Majungaella 
oxfordiana identified by Bate (1975, Plate 5, Figure 4) in the Middle Oxfordian of 
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the Wami River and Tendaguru areas, Tanzania (Sames, 2008). It is subtriangular in 
lateral view, ventrolaterally tumid, posterodorsally upturned, tapers into a narrow 
posterior end, has an eye tubercle and shallow post-ocular sulcus, and is not 
significantly ornamented ― just like Majungaella oxfordiana Bate, 1975. 
 
The genus Majungaella appeared first in the Late Bathonian–Early Callovian in the 
Kachchh region of northwest India (Neale & Singh, 1986; Khosla et al., 1997; 
Khosla & Jakhar, 1999) and in the Early Callovian of Madagascar (Mette, 2004) and 
the Jaisalmer region of northwest India (Khosla et al., 2006), and the Middle 
Callovian of Tanzania (Bate, 1975). By the Early/Middle Oxfordian it had spread to 
northern Somalia (Mette, 1993) and by the Late Oxfordian to Western Australia. The 
previous earliest-known occurrence of this genus in Australia was recorded by 
Damotte (1992) in the Berriasian to Lower Valanginian Barrow Group of the 
Exmouth Plateau. By the end of the Kimmeridgian it is in the Himalayan region of 
India (Jain & Mannikeri, 1975) and by the Late Valanginian it appeared on the 
Mozambique Ridge (Sigal, 1974), in South Africa (Dingle, 1969; Brenner & Oertli, 
1976; McLachlan et al., 1976a; Valicenti & Stephens, 1984), southern Chile (Sigal et 
al., 1970), southern Argentina (Kielbowicz et al., 1983; Ballent et al., 1998) and 
Israel (Rosenfeld & Raab, 1984). By the Aptian it appeared in Egypt (Bassiouni, 
2002; Morsi, 2006) and by the Middle Albian in the Eromanga Basin of Australia 
(Krömmelbein, 1975b; Scheibnerová, 1978). By the Campanian it reached Brazil 
(Krömmelbein, 1975a; Miller et al., 2002) and the Antarctic Peninsula (Fauth et al., 
2003; Dingle, 2009), and by the latest Maastrichtian New Zealand (Dingle, 2009). 
The final resting place of Majungaella was in Antarctica (Whatley et al., 2005) with 
the genus reported from the pre-glacial Eocene (Szczechura, 2001), glacial early 
Oligocene (Dingle & Majoran, 2001) and interglacial Pliocene (Szczechura & 
Blaszyk, 1996). 
 
Oertli (1974) thought that the ostracod he illustrated in Plate 7, Figure 8 might be a 
“Schuleridea”, but it is similar to the female left valve of Trichordis triangula 
identified by Bate (1975, Plate 6, Figure 7) in the Middle Oxfordian of the Wami 
River area, Tanzania; it differs from the other specimens of this species illustrated by 
Bate (1975, Plate 6). Although he identified this female left valve as Trichordis 
triangula, it is really an Arculicythere sp. with characteristic features of this genus 
such as three rounded ridges converging posteriorly, a broadly and asymetrically 
rounded anterior margin, a strong and fairly straight dorsal margin inclined at an 
angle of about 20–30º towards a triangular posterior margin, a ventral margin 
overhung by a curved ventrolateral ridge, and a small eyespot. The ventral ridge is 
broadly convex and thick, the dorsal ridge convex but not as thick; the median 
longitudinal ridge is short and straight. It may be an ancestor of Arculicythere tumida 
Dingle, 1971, from the Hauterivian and Middle Albian-Vraconnian of Madagascar 
(Rafara, 1990; Collignon et al., 1979, where Arculicythere DS 1 was not recognised 
as being A. tumida Dingle, 1971), the latest Early Aptian to Cenomanian of Western 
Australia (Oertli, 1974; Damotte, 1992; this study), the Late Aptian–Albian of the 
Tamil Nadu region of southern India (Jain, 1976a, 1978; where Pseudobythocythere 
kallakkudiensis Jain, 1976 was not recognised as being A. tumida Dingle, 1971), and 
the Albian of the Agulhas Bank off South Africa (Dingle, 1971), the Falkland 
Plateau (Dingle, 1984) and southern Argentina (Ballent, 1998). 
 
In A. tumida Dingle, 1971, the median ridge is fairly tumid and begins with a large, 
subrounded subcentral tubercle with a shallow sulcus behind it. In A. modica 
Grékoff, 1963, from the Portlandian of Madagascar, and A. defluxa Grékoff, 1963, 
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from the Valanginian, Hauterivian and Albian of Madagascar (Ballent & Whatley, 
2006), the median ridge is distinctly divided into two by a sulcus, but in A. 
kroemmelbeini Rosenfeld and Raab, 1984, from the Neocomian of Israel, the median 
ridge is short with a weak subcentral tubercle and no sulcus. The Arculicythere sp. 
identified here in the Middle Oxfordian of Tanzania also lacks a sulcus and, as a 
consequence, there is a rounded depression between the dorsal and median ridges 
and an elongate, curved depression between the median and ventral ridges; compared 
with A. tumida Dingle, 1971, it has weak pits superimposed upon the ridges only, 
rather than being covered, for the most part, in small pits and hollows. Based on the 
similarity in outline in lateral view and the presence of a rounded depression between 
the median ridge and the dorsal margin and an elongate, curved depression between 
the median ridge and the ventral margin, the ostracod illustrated by Oertli (1974, 
Plate 7, Figure 8) is interpreted here to possibly be Arculicythere sp. The fact that the 
three ridges are not so prominent is attributed to the specimen being a juvenile. 
Illustrations of A? sp. A. (Oertli, 1974, Plate 4, Figures 1–11) - subsequently 
identified as A. tumida Dingle, 1971 by Dingle (1984) - illustrates how the three 
ridges gradually become more prominent as the ostracod matures. 
 
The identification here of Arculicythere sp. in the Middle Oxfordian of Tanzania and 
possibly the Late Oxfordian of Western Australia makes these the earliest known 
occurrences of the genus. The earliest previous report of this genus in Australia was 
by Damotte (1992) from the Berriasian to Lower Valanginian Barrow Group on the 
Exmouth Plateau. By the Portlandian it appears in Madagascar (Grékoff, 1963), by 
the Valanginian, Israel (Rosenfeld & Raab, 1984), by the Hauterivian, the Jaisalmer 
region of northwest India (Andreu et al., 2007), by the Aptian, the Orange Basin on 
the southwest coast of Africa (McMillan, 1990) and the Tamil Nadu region of 
southern India (Jain, 1976a, 1978), and by the Albian, South Africa (Dingle, 1971), 
the Falkland Plateau (Dingle, 1984) and southern Argentina (Ballent, 1998). The 
final occurrence of Arculicythere is A. semilunata Singh, 1997 in the Coniacian of 
the Jaisalmer region of northwest India (Andreu et al., 2007). The distribution of 
Arculicythere is Gondwanan (Ballent & Whatley, 2006), like that of Majungaella, 
except that in terms of time and space it is more restricted. Ballent and Whatley 
(2006) demonstrated that Arculicythere ranged from Late Tithonian to Albian, but 
this has now been extended from Middle Oxfordian to Coniacian. In Australia, the 
demise of the genus seems to have been at the Cenomanian–Turonian boundary 
because the author of this study has not encountered A. tumida Dingle, 1971 beyond 
sediments of this age in the three petroleum exploration wells on the Exmouth 
Plateau of Western Australia. 
 
Oertli (1974) thought that the ostracod he illustrated in Plate 7, Figure 6 might be an 
“Acrocythere”; Dingle (1984) suggested, based largely on the presence of three 
longitudinal carinae, that it was possibly synonymous with Aitkenicythere? sp. 
327/18 from the Middle Albian of the Falkland Plateau. The median carina of the 
ostracod illustrated by Dingle (1984, Figure 35A) is, however, longitudinal rather 
than oblique in orientation, so this synonymisation is here rejected. Instead, as noted 
by Ballent (1991), the ostracod illustrated by Oertli (1974, Plate 7, Figure 6) is very 
similar to Eucytherura pichia (Ballent, 1991) from the Aalenian–Bajocian of western 
Argentina, except that it has a more prominent dorsal ridge. 
 
Oertli (1974) thought that the ostracod he illustrated in Plate 7, Figure 7 might be a 
“Bythocypris” or “Pontocyprella”; this ostracod is similar to Bythocypris sp. B (Bate 
1975, Plate 2, Figure 7) from the Middle Oxfordian of the Wami River area, 
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Tanzania, except that it is more elongate. Further south in the Mandawa Basin of 
Tanzania, Bate (1975) reported both Bythocypris and Pontocyprella in the 
middle/late Kimmeridgian. Sames (2008) also reported Bythocypris from the 
Kimmeridgian, and perhaps even the end of the Jurassic or start of the Cretaceous, in 
the Tendaguru area of Tanzania. Bythocypris has been recorded in the Aalenian–
Bajocian of western Argentina (Ballent, 1991), the Bajocian–Bathonian of northwest 
India (Khosla et al., 2006), the Late Oxfordian of northern Somalia (Mette, 1993), 
the Valanginian of southern Argentina (Kielbowicz et al., 1983) and the Hauterivian 
of Madagascar (Rafara, 1990). Pontocyprella has been recorded in the Early 
Callovian of northern Somalia (Mette, 1993) and the Middle Callovian of 
Madagascar (Grékoff, 1963). In South Africa, both Bythocypris and Pontocyprella 
first appeared in the Late Valanginian–Hauterivian of the Algoa Basin (Brenner & 
Oertli, 1976). By the Aptian, Bythocypris appeared in Israel (Rosenfeld & Raab, 
1984) and by the Aptian/Albian in the nearby Sinai region of Egypt (Bassiouni 
2002). 
 
Oertli (1974) was unable to identify the ostracod he illustrated in Plate 7, Figure 9. It 
is suggested here that this may be a juvenile Oligocythereis. This identification was 
prompted by an illustration of Oligocythereis minuta Kulshreshtha, Singh and 
Tewari, 1985 by Khosla et al. (2006, Plate 2, Figure 8), a species from the Early 
Callovian-Oxfordian of the Jaisalmer region of northwest India (Kulshreshtha et al., 
1985; Khosla et al., 2006); it is based primarily on shape and a similar length to 
height ratio (though the specimen is smaller than those described by Khosla et al. 
(2006)). Other species and possible species of Oligocythereis have been identified in 
the Bathonian–Early Oxfordian of Israel (Maync, 1965; Rosenfeld & Honigstein, 
1991), Egypt (Rosenfeld et al., 1987a) and Saudi Arabia (Dépêche et al., 1987), the 
Early Callovian of northern Somalia (Mette, 1993), the Bathonian–Early Hauterivian 
of Madagascar (Grékoff, 1963; Rafara, 1990; Mette, 2004), the Valanginian to 
Hauterivian of South Africa (Dingle & Klinger, 1972; McLachlan et al., 1976a; 
Brenner & Oertli, 1976) and the Early Valanginian of west-central Argentina 
(Musacchio & Simeoni, 2008). 
 
The remaining two ostracods illustrated by Oertli (1974, Plate 7, Figures 10, 12) 
from the Late Oxfordian of Western Australia are more problematic. Oertli (1974) 
was unable to identify them; the following identification is primarily based on shape. 
It is suggested here that they are possibly specimens of Procytherura, a genus 
previously described from the Early–Middle Jurassic of west-central Argentina 
(Ballent, 1990, 1991; Ballent & Whatley, 2000, 2009) and the Middle Jurassic of 
northwest India (Kulshreshtha et al., 1985), Tanzania (Bate, 1975) and northern 
Somalia (Mette, 1993). In the Late Jurassic, Procytherura is recorded from the 
Callovian/Oxfordian of northwest India (Kulshreshtha et al., 1985) and the 
Kimmeridgian to the end of the Jurassic or start of the Cretaceous of Tanzania (Bate, 
1975; Sames, 2008). In the Early Cretaceous, Procytherura appears in the 
Neocomian of Madagascar (Rafara, 1990), the Mozambique Ridge (Sigal, 1974), 
South Africa (McLachlan et al., 1976a, 1976b; Brenner & Oertli, 1976; Valicenti & 
Stephens, 1984) and west-central Argentina (Musacchio, 1978, 1979, 1981; Ballent 
& Whatley, 2000, 2009), and the Early–Middle Albian of the Falkland Plateau 
(Dingle, 1984). Ballent and Whatley (2000) note that Procytherura “was more or 
less equally diverse and widely distributed in both hemispheres” during most of the 
Early and Middle Jurassic, but that in the Late Jurassic and Early Cretaceous it 
became gradually “restricted to the Southern Hemisphere.” 
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Early Cretaceous – Berriasian to Early Valanginian 
 
The first known Cretaceous glaciation occurred in the Berriasian–Early Valanginian 
on the southwestern margin of the Eromanga Basin in South Australia (Alley & 
Frakes, 2003). It was probably connected with upwelling of cold abyssal waters 
along the eastern margin of Australia, a mechanism that Jones et al. (2006) suggested 
for the formation of ice in eastern Australia during the Late Permian. 
 
On the northwestern margin of Australia, deposition of the regressive Barrow Group 
and its equivalents during the Berriasian to Early Valanginian was connected with 
the onset of rifting in the Gascoyne and Cuvier Abyssal Plains, when Greater India 
began to rift from Australia/Antarctica (Romine et al., 1997; Longley et al., 2002; 
Robb et al., 2005). Uplift along the continent–continent Cape Range transform fault, 
between the Cuvier and Gascoyne areas, shed sediment northwards, forming the 
Barrow Delta (Veevers, 2006). 
 
Damotte (1992) recorded an ostracod fauna from the Barrow Group in ODP 763C on 
the Exmouth Plateau of Western Australia; it is characteristic of “a shallow-marine, 
infralittoral to intertidal environment” with sediments “apparently carried into deeper 
water by currents and mass transport” (Exon et al., 1992). These ostracods and their 
links to other Gondwanan localities (with references and associated ages) are listed 
in Table 2.3; their Berriasian–Early Valanginian distribution is illustrated in Figure 
2.3. Because of the occurrence of the Gondwanan Majungaella and Arculicythere, 
the fauna is still distinctively Indian Ocean in character. There are strong links with 
Madagascar and possibly Tanzania. 
 
 
 
Figure 2.3. Distribution of the Berriasian–Early Valanginian ostracod genera and 
species listed as occurring in Western Australia in Table 2.3. It illustrates the 
distinctive Indian Ocean fauna characterised by the Gondwanan genera Majungaella 
and Arculicythere. See Figure 2.1 for legend. 
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The Berriasian–Lower Valanginian Barrow Group ostracod fauna shares several 
species and genera with the regressive marine sediments of Madagascar: 
Majungaella nematis Grékoff, 1963, Eocytheropteron corrosum (Grékoff, 1963), and 
the genera Majungaella, Oligocythereis?, Arculicythere and Cytheropteron. M. 
nematis Grékoff, 1963, Majungaella, Oligocythereis? and Arculicythere also occur in 
the subsequent Upper Valanginian–Hauterivian transgressive sediments of 
Madagascar. The species “Bythocypris” stroggylae Brenner and Oertli, 1976, and the 
genus Procytherura also occur in the Hauterivian of Madagascar; M. nematis 
Grékoff, 1963 and E. corrosum (Grékoff, 1963) also occur in northwest India in 
Kimmeridgian-Tithonian and Callovian-Oxfordian sediments respectively. In the 
Himalayas, M. spitiensis (Jain & Mannikeri, 1975) was obtained from the uppermost 
Kimmeridgian–Portlandian Chidamu Stage (Jain & Mannikeri, 1975). 
 
At Tendaguru in Tanzania, there is a tidal flat deposit between marine beds, which 
may be Berriasian in age (Sames, 2008). The two marine samples above this deposit 
yielded ostracods from the genera Cytherella, Bythocypris, Procytherura and 
Mandawacythere (Sames, 2008). These last three genera also occur on the northwest 
margin of Australia. 
 
Marine Berriasian to Lower Valanginian sediments of west-central South America 
are also regressive (Riccardi, 1991) with a microfauna characteristic of a “marginal 
marine environment, with warm-temperate to subtropical waters, normal salinity 
levels” and a “low energy regime” (Ballent & Ronchi, 1999); off the coast of South 
Africa near-shore marine sediments occur interbedded with freshwater sediments 
(Kirkwood Formation in McLachlan et al., 1976a). In the Early Valanginian, 
Oligocythereis? dubia Dingle, 1972 and O? cf. dubia Dingle, 1972 are recorded, 
respectively, from off the south coast of South Africa (McLachlan et al., 1976a) and 
the Neuquén Basin of west-central Argentina (Musacchio & Simeoni, 2008), along 
with the genus Rostrocytheridea. Rostrocytheridea first appeared in the Upper 
Tithonian-Berriasian sediments of the Neuquén Basin (Ballent & Whatley, 2007). 
This indicates that west-central Argentina and South Africa were connected. 
Musacchio and Simeoni (2008) noted that the Early Valanginian benthonic 
foraminifers of the Neuquén Basin had South African affinities. They suggested that 
the Colorado Trough, formed during the opening of the southern South Atlantic 
Ocean, provided a corridor between the basins off the south coast of South Africa 
and the southeast Pacific Ocean. 
 
Between the Neuquén Basin of west-central Argentina and the Austral Basin of 
southernmost Argentina the Bariloche “Transversal” formed a geographical barrier 
(Musacchio & Simeoni, 2008). During the Berriasian-Early Valanginian, the 
Mozambique Ridge, Falkland Plateau, Agulhas Bank and Dronning Maud Land also 
formed a physical barrier between eastern Tethys and the southern Pacific Ocean 
(Riccardi, 1991). 
 
Oligocythereis? is the only ostracod genus that the Barrow Group shares with the 
Lower Valanginian sediments of west-central Argentina and South Africa. There are, 
however, several Barrow Group ostracod genera and species appearing subsequently 
in the Upper Valanginian to Hauterivian transgressive marine and shallow-water 
sandstones and clays of South Africa: Majungaella nematis Grékoff, 1963 (also 
found in silty claystones on the Mozambique Ridge), “Bythocypris” stroggylae 
Brenner and Oertli, 1976, B? nodosa Brenner and Oertli, 1976, Eocytheropteron 
corrosum (Grékoff, 1963), and the genera Majungaella, Procytherura (also occurs 
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Western Australia Argentina & Southern Chile Falkland 
Plateau/ 
Agulhas 
Bank 
Brazil & Gabon West 
Antarctica 
South Africa 
Majungaella nematis Valanginian-Hauterivian (Ballent et al., 
1998); Valanginian (Sigal et al., 1970) 
   Late Valanginian-Hauterivian 
(McLachlan et al., 1976a; Dingle & 
Klinger, 1972) 
Other Majungaella spp.  (in 
Damotte, 1992, sp. 20R & 
sp. 40R) 
 
Also occurs in the Middle 
Albian – Early Cenomanian 
of the Eromanga Basin, 
Queensland & South 
Australia (Krömmelbein, 
1975b; Scheibnerová, 1978) 
Valanginian-Hauterivian (Kielbowicz et al., 
1983; Ballent et al., 1998); Albian (Rossi de 
García in Malumián et al., 1972; Rossi de 
García, 1979; Ronchi & Angelozzi, 1994; 
Ballent & Whatley, 1997b; Ballent, 1998; 
Ballent et al., 1998); Santonian-Campanian 
(Ballent et al., 1998); Late Campanian-Early 
Maastrichtian (Rossi de García & Proserpio, 
1980; Ballent et al., 1998); middle 
Maastrichtian (Bertels, 1975) 
 Campanian-
Maastrichtian 
(Krömmelbein, 
1975a; Miller et 
al., 2002) 
Middle-Late 
Campanian 
(Fauth et al., 
2003; Dingle, 
2009) 
Late Valanginian-Hauterivian 
(Dingle, 1969; McLachlan et al., 
1976a; Brenner & Oertli, 1976; 
Valicenti & Stephens, 1984); Late 
Aptian-Early Cenomanian (Dingle, 
1971, 1984); Albian-Santonian 
(McMillan, 1990) 
Arculicythere spp. (in 
Damotte, 1992, sp. 17R & 
sp. 46R) 
Albian (Ballent, 1998) Early-Late 
Albian (Dingle, 
1971, 1984) 
  Aptian-Albian (McMillan, 1990) 
Mandawacythere spp. (in 
Damotte, 1992, sp. 763C) 
     
Procytherura spp. (in 
Damotte, 1992, sp. & sp. 
16R) 
Late Pliensbachian, Late Aalenian-Early 
Bajocian & Middle Callovian (Ballent, 1990, 
1991; Ballent & Whatley, 2000, 2009); Late 
Valanginian-Hauterivian (Musacchio, 1978, 
1979, 1981; Musacchio & Simeoni, 2008; 
Ballent & Whatley, 2000, 2009) 
Early-Middle 
Albian (Dingle, 
1984) 
Early 
Cenomanian-
Turonian 
(Grosdidier, 
1979) 
 Late Valanginian-Hauterivian 
(McLachlan et al., 1976a, 1976b; 
Brenner & Oertli, 1976; Valicenti & 
Stephens, 1984); Late Aptian 
(Dingle, 1984) 
 
Table 2.3. The Jurassic-Cretaceous Gondwanan distribution of Western Australian Berriasian-Early Valanginian ostracods. 
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Western Australia Mozambique 
Ridge 
Tanzania & 
Northern Somalia 
Saudi Arabia, 
Egypt & Israel 
Madagascar India 
Majungaella nematis Neocomian 
(Sigal, 1974) 
  Portlandian-Valanginian 
(Grékoff, 1963); Valanginian-
Hauterivian (Rafara, 1990) 
Kimmeridgian-Tithonian (Guha, 
1976) 
Other Majungaella spp.  (in 
Damotte, 1992, sp. 20R & sp. 
40R) 
 
Also occurs in the Middle 
Albian – Early Cenomanian 
of the Eromanga Basin, 
Queensland & South 
Australia (Krömmelbein, 
1975b; Scheibnerová, 1978) 
 Middle Callovian-Tithonian 
(Bate, 1975; Mette, 1993; 
Sames, 2008); Albian (Bate 
& Bayliss, 1969) 
Valanginian-
Hauterivian 
(Rosenfeld & Raab, 
1984); Aptian 
(Bassiouni, 2002; 
Morsi, 2006) 
Early Callovian-Early 
Valanginian (Grékoff, 1963; 
Rafara, 1990; Mette, 2004); 
Hauterivian (Rafara, 1990); 
Middle- Late Albian 
(Collignon et al., 1979; 
Babinot et al., 2009) 
Late Bathonian-Kimmeridgian (Guha, 
1976; Kulshreshtha et al., 1985; 
Neale & Singh, 1986; Khosla et al., 
1997, 2003, 2004, 2005, 2006; 
Khosla & Jakhar, 1999); latest 
Kimmeridgian-Portlandian (Jain & 
Mannikeri, 1975) 
Arculicythere spp. (in 
Damotte, 1992, sp. 17R & sp. 
46R) 
 Middle Oxfordian (Bate, 
1975) 
Valanginian-
Barremian 
(Rosenfeld & Raab, 
1984) 
Portlandian- Valanginian 
(Grékoff, 1963); Hauterivian 
(Rafara, 1990); Middle Albian-
Vraconnian (Collignon et al., 
1979) 
Hauterivian-Barremian (Andreu et 
al., 2007); Late Aptian-Late Albian 
(Jain, 1976a, 1978); Late Albian-
Coniacian (Singh, 1997; Andreu et 
al., 2007) 
Mandawacythere spp. (in 
Damotte, 1992, sp. 763C) 
 middle/late Kimmeridgian 
(Bate, 1975); possibly 
Berriasian (Sames, 2008) 
Middle Callovian 
(Dépêche et al., 
1987) 
Oxfordian (Rafara, 1990; 
Mette, 2004); Kimmeridgian 
(Grékoff, 1963) 
Bajocian – Callovian (Neale & Singh, 
1986; Khosla et al., 2003, 2004, 
2005, 2006) 
Procytherura spp. (in 
Damotte, 1992, sp. & sp. 
16R) 
Neocomian 
(Sigal, 1974) 
Early-Middle Callovian & 
early-middle/late 
Kimmeridgian (Bate, 1975; 
Mette, 1993); possibly 
Berriasian (Sames, 2008) 
 Hauterivian (Rafara, 1990) Callovian-Oxfordian (Kulshreshtha et 
al., 1985) 
 
Table 2.3 (cont.) The Jurassic-Cretaceous Gondwanan distribution of Western Australian Berriasian-Early Valanginian ostracods. 
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Western Australia Argentina & Southern Chile Falkland 
Plateau/ 
Agulhas 
Bank 
Brazil & Gabon East Antarctica South Africa 
Oligocythereis? spp. (in 
Damotte, 1992, sp. 122) 
Early Valanginian (Musacchio & 
Simeoni, 2008) 
   Early Valanginian (McLachlan et al., 
1976a); Late Valanginian-Hauterivian 
(Dingle & Klinger, 1972; McLachlan et 
al., 1976a; Brenner & Oertli, 1976) 
“Bythocypris” cf. 
stroggylae 
    Late Valanginian-Hauterivian 
(McLachlan et al., 1976a; Brenner & 
Oertli, 1976; Valicenti & Stephens, 1984) 
Bythocypris? cf. nodosa     Hauterivian (Brenner & Oertli, 1976; 
Valicenti & Stephens, 1984) 
Eocytheropteron cf. 
corrosum 
    Late Valanginian (McLachlan et al., 
1976a) 
Cytheropteron spp. (in 
Damotte, 1992, sp. 30R) 
Late Aalenian-Early Bajocian (Ballent & 
Whatley, 2009); Hauterivian 
(Musacchio, 1979); Late Campanian-
Early Maastrichtian (Rossi de García & 
Proserpio, 1980) 
Early-Late Albian 
(Dingle, 1971, 
1984); Late 
Maastrichtian 
(Majoran et al., 
1997, 1998) 
 Maastrichtian 
(Majoran et al., 
1997; Majoran & 
Widmark, 1998) 
Late Valanginian-Hauterivian 
(McLachlan et al., 1976a; Brenner & 
Oertli, 1976; Valicenti & Stephens, 
1984); Maastrichtian (Dingle, 1981) 
 
Table 2.3 (cont.) The Jurassic-Cretaceous Gondwanan distribution of Western Australian Berriasian-Early Valanginian ostracods. 
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Western Australia Mozambique 
Ridge 
Tanzania & 
Northern Somalia 
Saudi Arabia, Egypt & 
Israel 
Madagascar India 
Oligocythereis? spp. (in Damotte, 
1992, sp. 122) 
 Early Callovian 
(Mette, 1993) 
Bathonian-Early 
Oxfordian (Maync, 1965; 
Dépêche et al., 1987; 
Rosenfeld et al., 1987a; 
Rosenfeld & Honigstein, 
1991;) 
Bathonian-Middle Callovian 
& Portlandian-Valanginian 
(Grékoff, 1963; Mette, 
2004); Hauterivian (Rafara, 
1990) 
Callovian-Oxfordian (Kulshreshtha 
et al., 1985; Khosla et al., 2006) 
“Bythocypris” cf. stroggylae    Hauterivian (Rafara, 1990)  
Bythocypris? cf. nodosa      
Eocytheropteron cf. corrosum    Portlandian (Grékoff, 1963) Callovian-Oxfordian (Guha, 1976) 
Cytheropteron spp. (in Damotte, 
1992, sp. 30R) 
 Middle Oxfordian  
(Bate, 1975); 
middle/late 
Kimmeridgian (Bate, 
1975; Sames, 2008); 
Albian (Bate & 
Bayliss, 1969) 
Aptian-Albian 
(Rosenfeld & Raab, 
1984) 
Late Bathonian-Middle 
Callovian & Late 
Oxfordian-Portlandian 
(Grékoff, 1963; Mette, 
2004) 
Bajocian-Oxfordian (Kulshreshtha 
et al., 1985; Neale & Singh, 1986; 
Khosla et al., 2003, 2004, 2005, 
2006); Middle Coniacian (Banerji, 
1970); Late Campanian-
Maastrichtian (Govindan, 1969; 
Jain, 1975a; Sugumaran et al., 
1997) 
 
Table 2.3 (cont.) The Jurassic-Cretaceous Gondwanan distribution of Western Australian Berriasian-Early Valanginian ostracods.
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on the Mozambique Ridge), Oligocythereis? and Cytheropteron. During the Late 
Valanginian–Hauterivian, M. nematis Grékoff, 1963, also appears in southern 
Argentina and southern Chile, and M. praehemigymnae Valicenti and Stephens, 1984 
and the genus Bythocypris in southern Argentina, whereas Procytherura (earliest 
appearance in Gondwana was in the Late Pliensbachian of west-central Argentina) 
and Cytheropteron also appear in west-central Argentina. Consequently, interchange 
between the eastern Tethys and the southeast and southern Pacific Ocean, via the 
western Indian Ocean and the southern South Atlantic Ocean, had occurred once the 
physical barriers between the two regions were breached in the Late Valanginian. 
 
Early Cretaceous – Late Valanginian to earliest Aptian 
 
Ogg et al. (2004) note that the base of the Late Valanginian is associated with the 
onset of a major marine transgression; this breached the physical barriers between 
the Indian Ocean and the southeast and southern Pacific Ocean; it can be identified 
by migration of several ostracod genera and species between Madagascar, South 
Africa and southern South America. This western Indian Ocean migratory pathway 
(Figure 2.4) is based on Table 2.4. Table 2.4 lists Late Valanginian–earliest Aptian 
genera and species that occurred in Western Australia during that interval, as well as 
those previously present during the Berriasian–Early Valanginian and which 
subsequently migrated between the Indian Ocean and the southeast and southern 
Pacific Ocean. 
 
 
 
Figure 2.4. Distribution of the Late Valanginian-earliest Aptian ostracod genera and 
species listed in Table 2.4. It illustrates that the distinctive Indian Ocean fauna, 
characterised by the Gondwanan genera Majungaella and Arculicythere, has strong 
links with South Africa and southern South America due to breaching of the physical 
barriers that lay between the Indian Ocean and the southeast and southern Pacific 
Ocean. By the Barremian, a new Austral Province was beginning to develop, 
characterised by the genus Rostrocytheridea. See Figure 2.1 for legend. 
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Majungaella, and in particular the species M. nematis Grékoff, 1963, demonstrates 
that ostracods migrated between the Indian Ocean and the southern Pacific Ocean 
because of its occurrence upon the Mozambique Ridge, and in South Africa and 
southern South America, as of the Late Valanginian. Eocytheropteron corrosum 
(Grékoff, 1963), “Bythocypris” stroggylae Brenner and Oertli, 1976 and B.? nodosa 
Brenner and Oertli, 1976 also used this western Indian Ocean migratory pathway to 
reach South Africa. 
 
Western Australia Argentina 
& 
Chile 
South Africa 
& 
Mozambique 
Ridge 
Madagascar 
& 
India 
Israel 
Majungaella nematis * * *  
Majungaella * * * * 
Arculicythere   * * 
Procytherura aerodynamica     
Procytherura maculata * *   
Procytherura * * *  
Oligocythereis?  * *  
“Bythocypris” stroggylae  * *  
Bythocypris? nodosa  *   
Bythocypris *    
Eocytheropteron corrosum  *   
Eocytheropteron *    
Cytheropteron * *   
Pontocyprella  *   
Bairdia   * * 
Rostrocytheridea * *   
Bythoceratina  *   
 
Table 2.4. Late Valanginian-Barremian Gondwanan distribution of Western 
Australian Neocomian and earliest Aptian ostracod genera and species. 
 
By the Late Valanginian–Early Hauterivian, the genus Procytherura was confined 
mainly to the Southern Hemisphere (Ballent & Whatley, 2000). P. aerodynamica 
Bate, 1975, originally described from the early–middle/late Kimmeridgian of 
Tanzania (Bate, 1975, Plate 11, Figures 7-16 and Plate 12, figs. 1-3), occurs at Site 
263, in the southeast corner of the Cuvier Abyssal Plain, Western Australia (as 
Indeterminate sp. E in Oertli, 1974, Plate 7, Figure 5). P. tintinnabulum Valicenti and 
Stephens (1984) occurs in South Africa, and P. dinglei Brenner and Oertli (1976) 
occurs in South Africa, and in Madagascar (Rafara, 1990) and on the Mozambique 
Ridge (Sigal, 1974). P. beerae Brenner and Oertli (1976) occurs in South Africa and 
in Madagascar (Rafara, 1990), whereas P. brenneri Valicenti and Stephens (1984) 
occurs in South Africa and in west-central Argentina (Ballent & Whatley, 2009). P. 
maculata Brenner and Oertli, 1976, occurs in South Africa (Brenner & Oertli, 1976; 
McLachlan et al., 1976a, 1976b), west-central Argentina (Musacchio, 1979, 1981; 
Ballent & Whatley, 2000) and the Southern Carnarvon Platform of Western Australia 
(along with P. sp.). P. kroemmelbeini Musacchio, 1979 and P. amygdala Ballent and 
Whatley, 2009 occur in west-central Argentina (Musacchio, 1978, 1979, 1981; 
Ballent & Whatley, 2000, 2009). P. brenneri Valicenti and Stephens, 1984, from the 
Late Valanginian–Hauterivian of South Africa and west-central Argentina, is 
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considered to be an intermediary between the Indian Ocean P. aerodynamica Bate, 
1975, and P. maculata Brenner and Oertli, 1976, from the Late Valanginian–
Hauterivian of South Africa and west-central Argentina (McLachlan et al., 1976b; 
Valicenti & Stephens, 1984; Ballent & Whatley, 2000) and the Barremian of 
Western Australia. This data accords with migration between the Indian Ocean and 
the southeast Pacific Ocean. 
 
The Late Valanginian transgression, and the cool Late Valanginian–Early 
Hauterivian climate, which McArthur et al. (2007) postulated had a substantial 
amount of polar ice associated with it, also resulted in the Gondwanan genera 
Majungaella and Arculicythere extending their range into the South Tethys Province; 
Majungaella has been recorded from the Valanginian-Hauterivian of Israel and 
Arculicythere from the Valanginian–Barremian of Israel (Rosenfeld & Raab, 1984). 
 
Prior to the Late Valanginian transgression, there was a southward ridge jump in the 
Argo Abyssal Plain, an anticlockwise change in spreading direction, volcanic activity 
on Joey Rise, and regional uplift terminating deposition of the deltaic Barrow Group 
(Heine & Müller, 2005). The Gascoyne Volcanic Margin (Eldholm & Coffin, 2000) 
formed just prior to the Late Valanginian separation of Greater India from 
Australia/Antarctica (Romine et al., 1997; Longley et al., 2002; Robb et al., 2005) 
which, in the wake of sea-floor spreading in the Gascoyne and Cuvier Abyssal 
Plains, extended the eastern Indian Ocean southwards. Evidence of this extension is 
seen on the east coast of India where the Neocomian ferruginous sandstones and 
claystones (Gollapalli Formation) of the Krishna–Godavari Basin were deposited in a 
paralic to shallow marine environment; this conclusion is based on the occurrence of 
arenaceous foraminifers and dinoflagellates (Prasad & Pundir, 1999). 
 
From the northern end of the Carnarvon Terrace (= the eastern margin of the Cuvier 
Abyssal Plain), Burger (1994) identified a shallow marine Valanginian–Hauterivian 
interval in three dredge samples. At Site 263, in the southeast corner of the Cuvier 
Abyssal Plain, “rapid rifting associated with emplacement of exceptionally large 
volumes of magma” resulted in “a small, semi-enclosed oceanic basin 
(approximately 200 km x 400 km), bounded by igneous ridges to the south and west 
and the Exmouth Plateau to the north” (Holbourn & Kaminski, 1997). Holbourn and 
Kaminski (1995, 1997) identified an agglutinated benthonic foraminiferal fauna 
whose unique composition suggested “strong faunal differentiation or endemism 
within the Cuvier Basin” (Holbourn & Kaminski, 1997). The benthonic foraminifers 
indicate that deposition occurred within a “relatively shallow-water environment, 
probably under deltaic influence, which gradually deepened as the rifted Indian 
Ocean margin subsided” (Holbourn & Kaminski, 1996). Oertli (1974) identified five 
ostracod species in the quartz-rich, slightly calcareous, silty claystones at the base of 
an interval of black organic-rich claystones interpreted as having been deposited in 
an outer shelf to upper slope environment, with “terrigenous silt-size grains of 
quartz, feldspar, muscovite and heavy minerals” derived from a nearby continental 
source (Veevers et al., 1974). These sediments are interpreted by the author of this 
study to belong to Mutterlose’s (1992) Tegumentum striatum Zone, which is 
predominantly Late Valanginian in age rather than the Late Albian/Aptian or older 
noted by Oertli (1974). Alternating dark and light laminations in the claystones 
indicate significant fluctuations in oxygenation and/or total organic carbon 
(Holbourn & Kaminski, 1995). The ostracods include Procytherura aerodynamica 
Bate, 1975, Arculicythere? sp. B, Pontocyprella sp. A, Bairdia sp. A and 
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Indeterminate sp. D. These ostracods have similarities with those from Tanzania, 
Madagascar and South Africa; their distribution is presented in Figure 2.4. 
 
As mentioned previously, Procytherura aerodynamica Bate, 1975 originated in the 
lower to middle/upper Kimmeridgian sediments of Tanzania (Bate, 1975, Plate 11, 
Figures 7-16 and Plate 12, Figures 1-3). Ballent and Whatley (2000) noted that the 
Indeterminate sp. E illustrated by Oertli (1974, Plate 7, Figure 5) is P. aerodynamica 
Bate, 1975. P. cf. aerodynamica Bate, 1975 was subsequently recorded from the 
Late Aptian of Zululand, South Africa (Dingle, 1984); it has been obtained by the 
author of this study from the Middle–Late Albian of Scarborough-1 on the Exmouth 
Plateau. 
 
Arculicythere? sp. B (Oertli, 1974, Plate 4, Figure 13) is similar to A. defluxa 
Grékoff, 1963 from the Valanginian–Hauterivian of Madagascar (Grékoff, 1963, 
Plate 7, Figures 182–187; Rafara, 1990, Plate 1, Figures 14–16), except that the 
surface is reticulate and not smooth. Both species have a compressed anterior 
margin, a strong subcentral tubercle separated from a short horizontal median ridge 
by a narrow sulcus, a curved ventrolateral ridge overhanging the ventral margin, a 
weak bulge on the dorsal margin immediately behind a dorsomedian groove, and a 
small eyespot. 
 
As mentioned previously, Pontocyprella has been recorded in the Early Callovian of 
northern Somalia (Mette, 1993), Middle Callovian of Madagascar (Grékoff, 1963), 
middle/late Kimmeridgian of Tanzania (Bate, 1975) and Late Valanginian of South 
Africa (Brenner & Oertli, 1976). 
 
Though Bairdia s.l. ranges from the Ordovician to Recent (Moore, 1961) and has 
been construed as a remarkable survivor, there are only very rare occurrences in the 
Lower Jurassic open marine sediments of Western Australia (Lord et al., 1993), the 
Middle Jurassic of Tanzania (Bate, 1975), Madagascar (Mette, 2004), northwest 
India (Neale & Singh, 1986; Khosla et al., 2003, 2004, 2005, 2006), Saudi Arabia 
(Dépêche et al., 1987) and Israel (Maync, 1965), and in the Late Jurassic of Tanzania 
(Bate, 1975; Sames, 2008) and Madagascar (Mette, 2004). There are rare 
occurrences in Andreu et al.’s (2007) pre-Hauterivian to post-Santonian interval 
from northwest India, in the Valanginian–Albian of Israel (Rosenfeld & Raab, 1984), 
the Late Valanginian and Early Aptian of Site 263 in the southeast corner of the 
Cuvier Abyssal Plain (Oertli, 1974), and in the Aptian of the Exmouth Plateau 
(Damotte, 1992), South Africa (Dingle, 1984), southern India (Bhatia & Jain, 1969; 
Jain, 1976a, 1976b, 1978) and Egypt (Bassiouni, 2002). 
 
However, the true renaissance occurs in the Albian, with the genus Bairdia s.l. 
dominating ostracod faunas on the Falkland Plateau (Dingle, 1984), the Exmouth 
Plateau (Damotte, 1992 and this study area) and Site 260 on the Gascoyne Abyssal 
Plain (Oertli, 1974), diversifying its form at Site 259 on the Perth Abyssal Plain 
(Oertli, 1974) and in southern India (Bhatia & Jain, 1969; Jain, 1976a, 1976b, 1978), 
and reappearing in Madagascar (Collignon et al., 1979) and Tanzania (Bate & 
Bayliss, 1969). 
 
Separation of South America and Africa also occurred in the Late Valanginian 
(Stone et al., 2008), and in the wake of sea-floor spreading the southern South 
Atlantic Ocean was formed. Mutterlose and Wise (1990) note that on the Antarctic 
margin “dissolved oxygen content of the bottom waters was rising gradually from 
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Valanginian to Aptian times”, due to the sills that had been restricting deep oceanic 
circulation into the basins “becoming increasingly fragmented and ineffective as 
barriers” as sea-floor spreading continued. In the Valanginian of Site 692B, black 
shales were deposited on the continental slope of East Antarctica off Dronning Maud 
Land, due to Madagascar obstructing deep-water circulation from eastern Tethys into 
the newly-formed anoxic Weddell Basin (Mutterlose & Wise, 1990). During the Late 
Valanginian to Early Hauterivian, shallow marine sediments accumulated in the 
Patagonian region of west-central Argentina but in southernmost Argentina 
sediments accumulated in pelagic and euxinic environments (Riccardi, 1991). There 
was no marine sedimentation on the Falkland Plateau as this had been uplifted in the 
Jurassic (Mutterlose & Wise, 1990) and, since it was located adjacent to southeast 
South Africa, it blocked deep-water circulation into the southern South Atlantic 
Ocean (Dingle, 1996). 
 
The Early Hauterivian is characterised by “a mixture of continental extension, 
magmatism, and continental fragments” (Robb et al., 2005) on the Exmouth 
Plateau’s western margin, the South American Paraná and African Etendeka 
continental flood basalts, and the volcanic margins that formed both sides of the 
southern South Atlantic Ocean (Eldholm & Coffin, 2000). 
 
In the Late Hauterivian, the climate was warm (McArthur et al., 2007); sea-floor 
spreading commenced in the Perth Abyssal Plain (Müller et al., 1998) and between 
Antarctica and India (Veevers, 2006; Subrahmanyam & Chand, 2006), and the 
Bunbury Basalt erupted in the southwest corner of Australia (Frey et al., 2003). 
 
However, during the Late Hauterivian to Early Barremian, no ostracods were 
recorded in the Mardie Greensand, a low-energy middle- to outer-shelf deposit with 
little terrigenous influx (Hocking et al., 1988), nor the dark grey, glauconitic, outer-
shelf claystones of the Muderong Shale Equivalent on the Exmouth Plateau. Based 
on the occurrence of “sparse, low diversity benthic foraminiferal assemblages” on 
the Exmouth Plateau, Holbourn and Kaminski (1997) suggested an environment 
characterised by restricted circulation and low oxygenation. 
 
After a minor ridge jump to the west in the Cuvier Abyssal Plain, which Romine et 
al. (1997) records at the Hauterivian-Barremian boundary, and “which occurred at 
the same time as plate uncoupling along the Cape Range transform” (Boyd et al., 
1992), ventilation improved. This resulted in diversification of the benthonic 
foraminiferal assemblages in the overlying Barremian shelfal clays (Holbourn & 
Kaminski, 1997). Taylor and Haig (2001) note that the benthonic foraminiferal 
assemblage on the Exmouth Plateau “is characteristic of the middle to outer neritic 
Marsonella Association” (Haig, 1979; Haig & Lynch, 1993). The Barremian to 
lowest Aptian claystones of the Muderong Shale Equivalent on the Exmouth Plateau 
are more calcareous and less pyritic than the dark, organic-rich, pyritic siltstones and 
claystones of the Exmouth-Barrow margin and Southern Carnarvon Platform. The 
former represents a moderately-reducing, sea-floor environment characterised by low 
sedimentation rates (Exon et al., 1992); the latter is characterised by a moderately 
diverse Ammobaculites Association of siliceous organic-cemented agglutinated 
foraminifera which “inhabited dysaerobic sea-floor muds in the upper offshore zone 
(10–50 m water depth) in a sea with a very gentle sea-floor gradient deepening 
slightly toward the north” (Taylor & Haig, 2001). The only ostracods recorded, but 
not identified, in the Barremian to lowest Aptian of the Muderong Shale and its 
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equivalents occur in Barrabiddy-1 on the Southern Carnarvon Platform (Taylor & 
Haig, 2001). 
 
Barry Taylor provided the author with SEM images of ten ostracod specimens he had 
collected from Barrabiddy-1. Some of the specimens are pyritised but the author was 
able to identify Procytherura maculata Brenner and Oertli, 1976 (3 specimens), P. 
sp. (2 specimens), Arculicythere sp., Rostrocytheridea sp. and Bythoceratina sp 
(which is possibly Retibythere (Retibythere) sp.). Two of the ostracods had damaged 
posterior margins and could not be adequately identified, but it is interesting to note 
that they are reminiscent of a reticulate, neocytherid-shaped, indeterminate specimen 
obtained by Dingle (1984, sp. 327/16B, p. 182) from the Middle Albian of the 
Falkland Plateau. 
 
As mentioned previously, P. maculata Brenner and Oertli, 1976, occurs in the 
Hauterivian of South Africa and west-central Argentina (McLachlan et al., 1976b; 
Valicenti & Stephens, 1984; Ballent & Whatley, 2000), prior to its first-known 
occurrence in Western Australia in the Barremian. 
 
Rostrocytheridea opisthorhynchus Ballent and Whatley, 2007 from the Late 
Tithonian-Berriasian of west-central Argentina is the oldest known occurrence of the 
genus Rostrocytheridea; this particular species can be distinguished from other 
species of Rostrocytheridea by its “rounded subtriangular outline in lateral view and 
the posterior ‘beak’ mainly pointing backwards” (Ballent & Whatley, 2007). It is 
possible that this may be the point of origin for this genus. During the Valanginian-
Hauterivian, Rostrocytheridea is restricted to west-central and southern Argentina 
(Musacchio, 1978, 1979, 1981; Musacchio & Simeoni, 2008; Kielbowicz et al., 
1983; Ballent & Whatley, 2007) and South Africa (Dingle, 1969; Brenner & Oertli, 
1976; McLachlan et al., 1976a; Valicenti & Stephens, 1984; Dingle, 1996); it 
indicates that migration occurred between the Indian Ocean and the southeast and 
southern Pacific Ocean. In the Hauterivian, R. ornata Brenner and Oertli, 1976 
occurs in South Africa and west-central Argentina. 
 
The Rostrocytheridea sp. obtained from the Barremian of Western Australia is a 
closed carapace, so its internal features are not visible; it is very similar to 
Rostrocytheridea sp. found by McLachlan et al. (1976a) in the Late Valanginian of 
South Africa; they have a well arched dorsal margin and a posterior margin which is 
not inclined downwards. Its occurrence in the Barremian of Western Australia is an 
early indication of the inception of the Austral Province. In terms of Australia, the 
previous earliest-known occurrence of Rostrocytheridea was reported by 
Krömmelbein (1975b) from the Eromanga Basin Middle Albian-Early Cenomanian, 
and Dingle (2009) records a similar species from the Cenomanian of New Zealand. 
This genus also occurs in the Early Albian-Turonian of the Jaisalmer region of 
northwest India (Singh, 1997; Andreu et al., 2007). 
 
During the Late Cretaceous, Rostrocytheridea occurs in the Santonian of the 
Carnarvon and Perth Basins of Western Australia (Bate, 1972; Neale, 1975). 
However, by the Campanian this genus is restricted to the cooler climates of the 
Antarctic Peninsula (Fauth et al., 2003; Ballent & Whatley, 2007; Dingle, 2009) and 
the Austral Basin of southern Argentina (Ballent & Whatley, 2007), and 
subsequently the Maastrichtian of New Zealand (Dingle, 2009). This genus has also 
been recorded in the Early Maastrichtian of equatorial Brazil (Piovesan et al., 2009), 
and is probably due to cool Antarctic currents moving northwards up the east coast 
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of South America. The youngest occurrence of Rostrocytheridea is a few metres 
below the Maastrichtian/Tertiary boundary in New Zealand (Dingle, 2009). 
 
The caudal process of the Bythoceratina sp. from the Barremian of Western 
Australia is broken off, but other characteristic features of this genus, such as its 
subtrapezoidal shape with a straight hinge-line, strong inflations separated by a 
dorsomedian sulcus and a strong ventrolateral spine in the posterior half, are obvious. 
It is possible that this species is related to the Bythoceratina sp. 1 of Valicenti and 
Stephens (1984, Plate 1, Figures 10-11) from the Late Valanginian of South Africa, 
which may be the earliest known record of the genus and subgenus Retibythere. 
Other representatives of Retibythere (Retibythere) occur in the middle Maastrichtian 
of the Neuquén Basin, where a single carapace was tentatively assigned to the genus 
Amphicytherura (Bertels, 1975), and new species have been identified in this study 
in the Late Maastrichtian of the Southern Carnarvon Basin. 
 
Based on dinoflagellates (Prasad & Pundir, 1999), deposition of the shallow marine, 
inner to middle shelf Raghavapurum Shale in the Krishna-Godavari Basin of eastern 
India, began in the Barremian and concluded in the Early Aptian to Early Albian, 
This first major marine transgression was connected with sea-floor spreading 
between India and Antarctica, and the easterly tilt of the east coast of India (Prasad & 
Pundir, 1999). There has been no record of ostracods from the Raghavapurum Shale. 
 
In the Late Hauterivian, the marine connection between eastern Tethys, Antarctica 
and southern Argentina became less restricted; by the Barremian “an exclusively 
austral ammonoid fauna” had developed in the southern Argentinean, South African 
and Madagascan regions (Riccardi, 1991). However, during the Barremian–Early 
Aptian, southern Argentina experienced restricted marine conditions (Riccardi, 
1991). At the same time, black shales accumulated in the tectonically isolated and 
restricted Weddell and Mozambique Basins (Mutterlose & Wise, 1990) - these were 
separated by the Mozambique Ridge. On the rapidly subsiding Falkland Plateau, 
Barremian to ?lowest Aptian, outer shelf to upper bathyal, anoxic, organic-rich 
claystones (Jeletzky, 1983) were deposited prior to deposition of Lower Aptian 
regressive, fine-grained, calcareous sandstones derived from a well-aerated, inner 
neritic to littoral environment in a restricted marine environment with fluctuating 
water salinity, “presumably under the influence of a delta” (Jeletzky, 1983). This 
transition from organic-rich claystones to regressive mudstones and calcareous 
chalks/claystones was probably due to the Early Aptian marine regression associated 
with the final separation of Greater India from Antarctica. Lower Aptian, organic-
rich shales were also deposited in the Cape Basin off South Africa, and on the 
Mozambique Ridge (Mutterlose & Wise, 1990). There was a narrow and shallow 
strait between the Falkland Plateau and the southern tip of South Africa - which 
received marine waters from the south (Riccardi, 1991). The extensive salt deposits 
of the northern South Atlantic at that time is attributed to shallow marine waters 
intermittently washing over the Walvis Ridge–Rio Grande Rise (Riccardi, 1991). 
There are no records of ostracods from any of these Barremian–Lower Aptian 
deposits. 
 
However, the Lower Aptian black claystone in Sample 17-CC from Site 263, in the 
southeast corner of the Cuvier Abyssal Plain, produced a single specimen of Bairdia 
(Oertli, 1974). By the Early Aptian, similar dark claystones were being deposited on 
the eastern edge of the Perth Abyssal Plain, in the southeast Wharton Basin to the 
west, and on the Naturaliste Plateau, at the southwest corner of Australia. Curiously, 
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even in the more calcareous, green-grey sediments connected with the Early Aptian 
marine regression, associated with a major ridge jump (Romine et al., 1997), the 
final separation of Greater India from Antarctica (Longley et al., 2002), and the 
beginning of the break-up of Australia from Antarctica (Frey et al., 2003), no 
ostracods have been found. 
 
Early Cretaceous – Aptian 
 
Frakes et al. (1987) noted that an Aptian transgression resulted in extensive marine 
flooding of the Australian continent during the Aptian–Albian (Figure 2.5). This 
transgression was due to the establishment of open oceanic conditions connected 
with the separation of Greater India from Antarctica (Longley et al., 2002). 
Formation of a circum-India seaway produced a new system of more oxygenated 
marine currents. 
 
 
 
Figure 2.5. Distribution of the Aptian ostracod species of Western Australia 
reflecting the extensive marine flooding of Australia and formation of the circum-
India seaway that occurred in the Aptian. See Figure 2.1 for legend. 
 
Upwelling of deep oceanic water enriched in silica resulted in deposition of the 
Windalia Radiolarite in the Carnarvon Basin of Western Australia (Ellis, 1987), a 
“light to dark-grey radiolarite and claystone with varying amounts of limestone, 
greensand and chert”, rare foraminifers, ammonites, belemnites, bivalves, ostracods, 
fish teeth, dinoflagellates, sponge spicules and trace fossils (Haig, 1991). Although 
Playford et al. (1975) recorded ostracods from the Windalia Radiolarite, Ellis (1987) 
did not report any in outcrops (Haig, 1991). Lack of calcareous taxa and reduced 
numbers of benthonic fossils is attributed to dysaerobic–anaerobic bottom waters 
(Haig, 1991) in water depths no greater than upper bathyal (Ellis, 1987). 
 
Calcareous nannofossils in samples 38X-1, 19–20 cm to 41X-1, 30–31 cm in ODP 
763B on the Exmouth Plateau are interpreted by the author of this study as belonging 
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to the uppermost Lower to Upper Aptian CC7b Subzone, and consequently 
equivalent of the Windalia Radiolarite. This interval consists of “very fine-grained 
hard carbonate layers that are interbedded with claystones and calcareous claystones” 
(Haq et al., 1990). These greenish-grey, hemipelagic marls were deposited in an 
open marine, bathyal environment (Haq et al., 1990). The lower part of this interval 
is characterised by dark greenish-grey claystones, and “parallel laminations 
highlighted by dark detrital material” indicating that bioturbation was not extensive 
(Haq et al., 1990). The calcareous content gradually increases upwards concurrent 
with glauconite content decreasing (Haq et al., 1990) as pelagic sedimentation 
overwhelmed the contribution of continental clays. At the top of this interval, in 
samples 38X-1, 38–41 cm and 39X-1, 88–90 cm, Damotte (1992) recorded the 
occurrence of the ostracods Arculicythere tumida Dingle, 1971 (Damotte 1992, Plate 
3, Figures 1-2) and Robsoniella falklandensis Dingle, 1984 (Damotte 1992, Plate 1, 
Figure 8), as well as the cosmopolitan Cytherella. 
 
In Western Australia, this is the earliest known record of Arculicythere tumida 
Dingle, 1971, a species whose earliest record is in the Hauterivian of Madagascar 
(Rafara, 1990, Plate 1, Figures 17–18; Plate 2, Figures 1–2). The species identified 
by Jain (1976a, Figure 1H-J; 1978), in the Late Aptian-Albian of the Cauvery Basin 
of southern India as Pseudobythocythere kallakkudiensis Jain, 1976, is here assigned 
to Arculicythere tumida Dingle, 1971. Consequently, following the Early Aptian 
break-up of Greater India from Antarctica, which resulted in formation of the 
circum-India seaway and, ultimately, terminated restrictive marine conditions, A. 
tumida Dingle, 1971 migrated into the new seaway between India, Antarctica and 
Western Australia. 
 
Robsoniella falklandensis Dingle, 1984, a bairdioid, was originally described by 
Dingle (1984, Figure 8C-F) from Lower to Upper Albian nannofossil chalks and 
claystones of the Falkland Plateau; he also identified Indeterminate sp. A of Oertli 
(1974, Plate 6, Figures 1-11) from Site 260 on the Gascoyne Abyssal Plain of 
Western Australia, as being synonymous with it. Oertli (1974) attributed these 
ostracods to the Middle-Late Albian, but this interval of nannofossil chalks and 
claystones is reinterpreted by the author as Early Albian in age. It was noted by 
Dingle (1984) that at both localities this species dominates the ostracod faunas. In the 
Hauterivian of west-central Argentina, Musacchio (1979, Plate 6, Figure 30) 
illustrates an ostracod of indeterminate genus and species; it probably represents the 
earliest-known occurrence of Robsoniella. R. falklandensis Dingle, 1984 was 
subsequently found in the uppermost Lower to Upper Aptian CC7b Subzone of ODP 
763B on the Exmouth Plateau, and then the Albian of Western Australia and the 
Falkland Plateau. 
 
Riccardi (1991) noted that during the Aptian there was a decrease in ammonoid 
similarity between southern Argentina and South Africa-Madagascar; this may be an 
evolutionary reflection of differing marine currents. Those of South Africa and 
Madagascar were influenced by a warm current flowing southwards from eastern 
Tethys, whereas southern Argentina, Antarctica and the Falkland Plateau were under 
the influence of a cool current flowing around Australia, Papua New Guinea and 
Antarctica. Thus the migratory pathways of A. tumida Dingle, 1971 and R. 
falklandensis follow this cool West Wind Drift current (cf. Figure 2.6) encircling 
Antarctica, Australia and Papua New Guinea; this current was important in the 
formation of the Austral Province. 
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The Upper Aptian to lowest Albian Southern Ocean Rhagodiscus angustus Zone of 
Wise (1988), correlating with Subzone CC7b, has also been intersected in dark 
organic-rich claystones (Mutterlose & Wise, 1990) on the continental slope of East 
Antarctica off Dronning Maud Land, on the Falkland Plateau and in the Cape Basin 
off South Africa. There is no record of ostracods from any of these deposits. 
 
Early Cretaceous – Early Albian 
 
By the Early Albian, Western Australia shared several ostracod species with the 
Austral Basin of southern Argentina, the Falkland Plateau and the Agulhas Bank off 
South Africa (listed in Table 2.5; illustrated in Figure 2.6). Wise (1988) noted that at 
the close of the Aptian “chalk deposition on the Falkland Plateau began in a series of 
pulses” connected with “deep water ventilation of the South Atlantic as the Falkland 
Plateau moved past the tip of South Africa.” Mutterlose and Wise (1990) also noted 
that this “transition from predominantly anoxic to truly oxic depositional conditions” 
also occurred at the top of this zone in the Cape Basin, and on the continental slope 
of East Antarctica where the change at Site 693 to radiolarian diatomite signifies 
upwelling and “development of a reasonably strong oceanic circulation system 
within the basin.” In addition, Gheerbrant and Rage (2006) indicate that the final 
separation between Africa and South America occurred in the Aptian/Albian. Based 
on ammonites, Owen and Mutterlose (2006) note that “some epicontinental sea 
connection probably occurred” between the North and South Atlantic during the 
Albian. 
 
 
 
Figure 2.6. Distribution of Early Albian ostracod species of Western Australia listed 
in Table 2.5. Arrows illustrate the cool West Wind Drift Current, which resulted in 
formation of an Austral Province characterised by the distribution of Arculicythere 
tumida Dingle, 1971. See Figure 2.1 for legend. 
 
It is interesting to note that Western Australia shared several species with southern 
India (listed Table 2.5; illustrated Figure 2.6); this is viewed as being connected with 
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formation of the circum-India seaway. The similarities and synonymies identified by 
the author indicate that the Late Aptian–Albian material from the Cauvery Basin of 
southern India (Jain, 1976a, 1976b, 1978) might be usefully re-studied. 
 
 
Western Australia Falkland 
Plateau 
Agulhas 
Bank 
Southern 
India 
Madagascar Southern 
Argentina
Cytherelloidea sp. A   Cytherelloidea 
kallakkudiensis 
  
Arculicythere tumida * * * * * 
Robsoniella 
falklandensis 
*     
Isocythereis sealensis * * Relation?  * 
Cytherura? oertlii *  *  * 
Parahemingwayella 
dalzieli 
*     
 
Table 2.5. The Austral distribution of Western Australian Early Albian ostracod 
species. 
 
Hart et al. (2001) noted that the planktonic foraminifers of the lowest Albian to 
Upper Turonian Karai Formation of the Cauvery Basin were “morphologically quite 
distinctive” with many having “more pronounced keels and other ornamentation” 
than normal ― just like those from the Northwest Shelf of Australia and the 
Exmouth Plateau. This is indicative of a “distinctive palaeo-biogeographical 
province … restricted to the east coast basins of India and the Exmouth Plateau/N.W. 
Australia Shelf.” 
 
The author identified the Lower Albian CC8a Subzone in the nannofossil claystones 
and clayey chalks of the Haycock Marl on the Exmouth Plateau in ODP 762C and 
ODP 763B, and in similar sediments at Site 260 on the Gascoyne Abyssal Plain and 
Site 259 on the Perth Abyssal Plain. In this subzone, ostracods were identified by 
Damotte (1992) from the Exmouth Plateau and by Oertli (1974) from the Gascoyne 
and Perth Abyssal Plains. These included the cosmopolitan genus Cytherella, 
numerous forms of Bairdia, Arculicythere tumida Dingle, 1971, Robsoniella 
falklandensis Dingle, 1984, Cytherelloidea sp. A (which supports the gradual 
warming of surface waters indicated by Huber et al. (1995) for the Albian to 
Cenomanian), Isocythereis sealensis Dingle, 1971 (identified here as synonymous 
with the Cythereis? aff. brevicosta Bate, 1972 of Oertli (1974)), Cytherura? oertlii 
Dingle, 1984, and an indeterminate species from the Gascoyne Abyssal Plain 
identified by the author as Parahemingwayella dalzieli Dingle, 1984. 
 
Parahemingwayella dalzieli Dingle, 1984, when originally described by Dingle 
(1984, Figure 14D-F, Figure 15A), was reported in the Lower to Middle Albian 
nannofossil chalks and claystones of the Falkland Plateau. The Indeterminate sp. C 
of Oertli (1974, Plate 7, Figure 2) from the Early Albian of Site 260 on the Gascoyne 
Abyssal Plain, is identified here as P. dalzieli Dingle, 1984. Though the ornament is 
badly worn, it is still possible to see the subcentral process, two prominent 
converging longitudinal ribs, and one of the coarse spines of the anterior margin - 
diagnostic of this species. 
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By the Early Albian, Arculicythere tumida Dingle, 1971 expanded its territory and 
had a distribution paralleling the cool West Wind Drift current with occurrences in 
Madagascar (Collignon et al., 1979, Plate 4, Figure 12; with Arculicythere DS 1 
considered here to be synonymous with A. tumida Dingle, 1971), southern India 
(Jain, 1976a, Figure 1H-J; 1978), Western Australia (Oertli, 1974, Plate 4, Figures 1-
11, Plate 5, Figures 1-12; Damotte, 1992, Plate 3, Figures 1-2), the Agulhas Bank off 
South Africa (Dingle, 1971, Figure 5), the Falkland Plateau (Dingle, 1984, Figure 
22A-F, Figure 23A-D), and the Austral Basin of southern Argentina (Ballent, 1998, 
Plate 1, Figures 9–12). It was very abundant and its distribution is characteristic of 
the Austral Province. 
 
Cytherura? oertlii Dingle, 1984, originally described by Dingle (1984, Figure 9E-F; 
Figure 10) from the Middle to Upper Albian nannofossil chalks and claystones of the 
Falkland Plateau, and Indeterminate sp. B of Oertli (1974, Plate 7, Figure 1), from 
Site 260 on the Gascoyne Abyssal Plain of Western Australia, are regarded 
synonymous. This species has also been identified in the Albian of the Austral Basin 
of southern Argentina (Ballent, 1998, Plate 1, Figure 7); the species identified by 
Jain (1978, Figure 1), in the Late Albian of the Cauvery Basin of southern India as 
Acrocythere cf. striata Kaye, 1965 is here assigned to Cytherura? oertlii Dingle, 
1984. C? oertlii Dingle, 1984 has a similar distribution to Arculicythere tumida 
Dingle, 1971, except that it does not occur in Madagascar. 
 
Isocythereis sealensis, originally described by Dingle (1971, Figure 14) from the 
Middle to Late Albian on the Agulhas Bank off South Africa, was subsequently 
noted as occurring in the Early to Late Albian of the Falkland Plateau (Dingle, 1984, 
Figure 27A-F, Figure 28A-D). The Cythereis? aff. brevicosta Bate, 1972 illustrated 
by Oertli (1974, Plate 4, Figure 12) from the Early Albian of Site 259 on the Perth 
Abyssal Plain, is identified here as Isocythereis sealensis Dingle, 1971. Although the 
ornament is badly worn it is still possible to see the stubs of the anterior and posterior 
marginal spines, the three longitudinal ribs, the stub of the posterior spine of the 
dorsal rib, the subdued subcentral tubercle of the right valve and the prominent, 
narrow anterior marginal rim diagnostic of this species. This species was blind; there 
is considerable variability in its ornament. Dingle (1984) noted that in the Agulhas 
Bank specimens there is delicate reticulate ornament, whereas in the more calcified 
specimens of the Falkland Plateau the ornament tends to be coarser. Given this 
degree of variability, Ballent (1998, Plate 3, Figures 3–6) assigned only specimens 
from the Austral Basin of southern Argentina to Isocythereis sp., while still noting 
their strong similarity to I. sealensis Dingle, 1971, especially those from the Falkland 
Plateau. The species identified by Jain (1976a, Figure 2G), in the Late Aptian–
Albian of the Cauvery Basin of southern India, as “Cythereis” sp. B is possibly 
related to I. sealensis Dingle, 1971. This ostracod is very similar to that illustrated by 
Dingle (1984, Figure 27D) except that it is much more elongate, and hence probably 
a male, has a small eyespot and has more strongly developed marginal denticles. 
Consequently, I. sealensis Dingle, 1971 has a similar distribution to Arculicythere 
tumida Dingle, 1971, except that it does not occur in Madagascar. 
 
Cytherelloidea sp. A (Oertli 1974, Plate 1, Figures 3-4) has a shallow subcentral 
depression and ornament consisting of longitudinal striae that become more 
reticulate in the anterior, dorsal and posterior regions. Although, there are no SEMs 
of Cytherella kallakkudiensis Jain, 1976 from the mostly Upper Albian sediments of 
the Cauvery Basin of southern India (Jain, 1976b, Figure 3A-B), that species is also 
characterised by a shallow subcentral depression and ornament of longitudinal striae. 
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Based on calcareous nannofossils, the Lower Albian Subzone CC8a has been 
identified at the base of the Gearle Siltstone (Haig et al., 1996) in the Giralia 
Anticline on the Southern Carnarvon Platform of Western Australia. Abundant 
calcareous fossils have been found only at the base of the Gearle Siltstone; this 
interval has produced nannofossils as well as belemnites and predominantly 
benthonic foraminifers, but not ostracods. At the top of the Gearle Siltstone, Shafik 
(1990) reported poorly preserved, presumably post-Albian, calcareous nannofossils 
from a “soft dark siltstone”, and Bate (1972) identified a few ostracods in sediments 
assigned to the Coniacian. 
 
The calcareous fossils at the base of the Gearle Siltstone may represent “a marine 
transgressive pulse that reactivated bottom-water circulation and facilitated a 
significant increase in the calcareous biogenic component of the sediment” (Haig et 
al., 1996). The subsequent disappearance of the basal calcareous fossils as well as 
the siliceous agglutinated benthonic foraminifera “may reflect stagnant, anaerobic 
conditions on the sea floor” during deposition of the remainder of the Gearle 
Siltstone, resulting in  “complete dissolution of calcareous planktonic and benthonic 
biogenic material” (Haig et al., 1996). Radiolarians, with their siliceous test, 
although poorly preserved, remained diverse and abundant; this implies that there 
were nutrient-rich, well-oxygenated surface waters, probably due to extensive 
upwelling along the continental margin (Haig et al., 1996). Radiolarian blooms 
generated substantial quantities of organic matter, decomposition of which resulted 
in anoxic conditions on the underlying sea floor. 
 
Early Cretaceous – Middle to Late Albian 
 
By Middle to Late Albian, as India drifted northwards away from the Austral 
Province, the Western Australian ostracod fauna developed particularly strong links 
with the Falkland Plateau, whilst Arculicythere tumida Dingle, 1971, maintained its 
presence on the Agulhas Bank (Dingle, 1971, 1984) and in the Austral Basin of 
southern Argentina (Ballent, 1998). This is illustrated in Figure 2.7 - based on co-
occurrences of species between Australia, South Africa, the Falkland Plateau and 
Agulhas Bank, and southern Argentina (listed in Table 2.6). 
 
Of the 21 ostracod species obtained by the author (from Zeewulf-1, Scarborough-1 
and Eendracht-1) and by Damotte in 1992 (from ODP 762C and ODP 763B) from 
the Middle to Late Albian of the Exmouth Plateau, Western Australia, seven have 
also been obtained from the Falkland Plateau by Dingle (1984): these (Table 2.6) are 
Cytherella bensoni Dingle, 1984, Robsoniella falklandensis Dingle, 1984, Bairdia 
sp. A, Arculicythere tumida Dingle, 1971, Asciocythere? dubia Dingle, 1984, 
Aitkenicythere? striosulcata Dingle, 1984 and Collisarboris? stanleyensis Dingle, 
1984. Three other species known from Western Australia were recorded in Zululand, 
South Africa, by Dingle (1984): Pirileberis aff. mkuzensis Dingle, 1984, obtained by 
the author from Eendracht-1 and reported by Damotte (1992) in ODP 763B, 
Pirileberis makatiniensis Dingle, 1984, obtained by the author from Eendracht-1, 
and Procytherura cf. aerodynamica Bate, 1975, obtained by the author from 
Scarborough-1. 
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Figure 2.7. Distribution of Middle–Late Albian ostracod species occurring in more 
than one locality of the Austral Province, as listed in Table 2.6. It illustrates that the 
fauna was still Austral in character - based on occurrence of Arculicythere tumida 
Dingle, 1971 - with strong faunal similarities between the Exmouth and Falkland 
Plateaus. See Figure 2.1 for legend.
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Western Australia South Atlantic South 
Africa 
Southern 
Argentina
 
Zeewulf-
1 
Exmouth 
Plateau 
Eendracht-
1 
Exmouth 
Plateau 
Scarborough-
1 
Exmouth 
Plateau 
ODP 762
Exmouth
Plateau 
ODP 763 
Exmouth 
Plateau 
Falkland
Plateau 
Agulhas
Bank 
Zululand Austral 
Basin 
Cytherella bensoni  *  *  *    
Cytherella sp. E26  *        
Cytherella sp. S33   *       
Cytherella sp.     *     
Cytherelloidea sp. S79   *       
Robsoniella falklandensis * * * * * *    
Bairdia sp. A * * *   *    
Bairdia sp. D  * *  *     
Bairdia sp. E  *        
Bairdia sp.  * *       
Bythocypris?/Pontocyprella?   *      * 
Arculicythere tumida  * * *  * *  * 
Arculicythere sp. 17R *         
Eocytheropteron sp.  *        
Pirileberis aff. mkuzensis  *   *   *  
Pirileberis makatiniensis  *      *  
Pirileberis sp.   *       
Asciocythere? dubia   *   *    
Aitkenicythere? striosulcata  * *   *    
Procytherura cf. 
aerodynamica 
  *     *  
Collisarboris? stanleyensis     * *    
 
Table 2.6. The Austral distribution of Western Australian Middle-Late Albian ostracod species.
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Part 1 
Chapter 3 
Stratigraphic Distribution of Mid-Late 
Cretaceous Ostracods 
 
Introduction 
 
This chapter consists of the stratigraphic distribution tables for the mid-Late 
Cretaceous ostracods of the Northern Carnarvon Basin, on the margin of northwest 
Australia. This demonstrates the dramatic faunal dichotomy that occurs at the 
Cenomanian/Turonian boundary. It also indicates that the first appearance of species 
and genera associated with the diverse Turonian to Maastrichtian ostracod fauna 
occurs in the upper Middle to Upper Cenomanian Rotalipora cushmani Planktonic 
Foraminiferal Zone and, more specifically, at the top of this zone in the Upper 
Cenomanian Rotalipora extinction Planktonic Foraminiferal Subzone. 
 
At Tazra, in shallow marine deposits of the Tarfaya Basin, on the margin of 
northwest Africa, the Upper Cenomanian Rotalipora extinction Planktonic 
Foraminiferal Subzone occurs during the transition from the first stage of the 
Cenomanian/Turonian boundary event (CTBE), associated with an expanding 
oxygen minimum zone (Keller et al., 2008), to the second stage of the CTBE, 
associated with intense upwelling of oxygenated, nutrient-rich deeper water (Keller 
et al., 2008). 
 
In the continental shelf deposits of Eastbourne, southern England, this subzone 
occurs in Plenus Marls Beds 2-3 and the lower half of Plenus Marls Bed 4. Plenus 
Marls Bed 2 is a lowstand marl deposit that is associated with enhanced surface 
productivity, increased burial of organic matter and minor cooling (Voigt et al., 
2006). The change to deposition of marly chalk at the base of Plenus Marls Bed 3 is 
associated with the Late Cenomanian marine transgression (Voigt et al., 2006), and 
is correlated here with the change to the second stage of the CTBE. The first δ13C 
peak of the CTBE occurs within the chalk of Plenus Marls Bed 3 (Paul et al., 1999; 
Keller et al., 2001; Tsikos et al., 2004; Gale et al., 2005; Voigt et al., 2006), and the 
subsequent marly chalk deposition at the base of Plenus Marls Bed 4 is a flooding 
surface that is associated with a cooling event, which caused the expansion of cooler 
water Boreal faunas into northern Tethys (Voigt et al., 2006). The last occurrence of 
Rotalipora cushmani occurs in marl, at the base of the δ13C trough and in the middle 
of Plenus Marls Bed 4 (Paul et al., 1999; Tsikos et al., 2004; Gale et al., 2005; Voigt 
et al., 2006). 
 
Beneath the organic-carbon rich sediments of western Tethys (e.g. the Bonarelli 
Level of central Italy and the Bahloul Formation of central Tunisia), which represent 
the dramatic changes in palaeoenvironmental conditions that occurred at the height 
of the CTBE (i.e. the third stage of the CTBE), the Upper Cenomanian Rotalipora 
extinction Planktonic Foraminiferal Subzone does not occur (Coccioni & Luciani, 
2005) or is very condensed (Caron et al., 2006). Nor does it occur on the southern 
margin of eastern Tethys in the dark shales and grey calcareous claystones and marls 
of the Lengqingre Formation that were deposited on the northern edge of the Indian 
plate (Wan et al., 2003). 
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The third stage of the CTBE is associated with maximum biotic stress and oceanic 
anoxia due to significant expansion and intensification of the oxygen minimum zone 
at the height of the marine transgression and global warming (Keller et al., 2008). 
The transition from the second stage to the third stage of the CTBE is abrupt (Keller 
et al., 2008). At Tazra, in the eastern proto-North Atlantic Ocean, and in Tethys, this 
is represented by the deposition of dark, organic-carbon rich, sediments (Wang et al., 
2001; Wan et al., 2003; Coccioni & Luciani, 2005; Caron et al., 2006; Keller et al., 
2008).  In the Northern Carnarvon Basin, on the Exmouth Plateau, on the northwest 
margin of Australia, it culminates in the deposition of dark brown/green shales in 
Eendracht-1 and Scarborough-1 (see Figure 3.1), which contain no calcareous 
microfossils, including ostracods. 
 
Data 
 
The ostracods for this chapter were collected from an investigation of 170 processed 
micropalaeontological residue samples from the Middle Albian to Late Maastrichtian 
of four petroleum exploration wells drilled in the offshore Northern Carnarvon 
Basin. Not all the samples yielded ostracods. These samples consisted of 5 samples 
from Outtrim-1, 75 samples from Zeewulf-1 (46 of which were barren with respect 
to ostracods), 32 samples from Scarborough-1 (with 13 barren) and 58 samples from 
Eendracht-1 (with 11 barren). Figure 3.1 illustrates the stratigraphy of these four 
petroleum exploration wells and the position of the samples that yielded ostracods. 
 
Tables 3.1 to 3.4 show the stratigraphic distribution of the ostracods identified in 
Outtrim-1, Zeewulf-1, Scarborough-1 and Eendracht-1. The tables have been colour-
coded to highlight the CTBE and the difference between the ostracod fauna before 
and after this event. The CTBE is grey, the Middle Albian to Middle Cenomanian 
ostracod fauna lavender and the Early Turonian to Late Maastrichtian ostracod fauna 
aqua.  
 
Results 
 
Tables 3.1 to 3.4 demonstrate that a dramatic faunal dichotomy occurs at the 
Cenomanian/Turonian boundary. The diverse Turonian to Maastrichtian ostracod 
fauna that recolonised the region after the CTBE is entirely different to that of the 
Middle Albian to Middle Cenomanian. However, in SWC-38 of Eendracht-1, four 
species, Paramunseyella sp. (Figure 3.2), Ginginella sp. (Figure 3.3), Semicytherura 
augusta Neale, 1975 (Figure 3.4) and Cytherella cf. jonesi Neale, 1975 (Figure 3.5), 
occur with four species characteristic of the Middle Albian to Middle Cenomanian 
ostracod fauna, Bairdia sp. A and Bairdia sp. E of Oertli (1974), Arculicythere 
tumida Dingle, 1971 and Collisarboris? stanleyensis Dingle, 1984. 
 
In the Middle Albian to Middle Cenomanian, Bairdia sp. A and Bairdia sp. E of 
Oertli (1974), Arculicythere tumida Dingle, 1971 and Collisarboris? stanleyensis 
Dingle, 1984 occur in very light to light green-grey calcilutite with rare to abundant 
pyrite. SWC-38, which belongs to the Upper Cenomanian Rotalipora extinction 
Planktonic Foraminiferal Subzone, is a very light greenish grey calcilutite with 
columns of recrystallised calcium carbonate and no pyrite.  The appearance of 
Paramunseyella sp., Ginginella sp., Semicytherura augusta Neale, 1975 and  
MID -LATE CRETACEOUS OSTRACODS 
 63  
 
 
Figure 3.1. Stratigraphic columns of Eendracht-1, Scarborough-1, Zeewulf-1 and 
Outtrim-1 (with SWC samples that yielded ostracods indicated by arrows). 
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Cytherella cf. jonesi Neale, 1975, absence of pyrite and presence of calcium 
carbonate columns, may indicate a change in environmental conditions associated 
with the intense upwelling of oxygenated, nutrient-rich deeper water associated with 
the Late Cenomanian marine transgression (i.e. the second stage of the CTBE). The 
migration of these four species into the region may indicate the expansion of cooler 
water Austral faunas into the region. In the Northern Hemisphere, a similar 
expansion of cooler water Boreal faunas into northern Tethys is associated with a 
cooling event (Voigt et al., 2006). 
 
Paramunseyella sp. and Ginginella sp. are the earliest known representatives of their 
genera and the Family Pectocytheridae. Neale (1975) had suggested that “Australia 
was a centre of evolution” for this family, and its earliest known occurrence and 
subsequent diversity in this region supports this observation. 
 
 
 
 
 
Figure 3.2. Paramunseyella sp. from SWC-38 of Eendracht-1 (x 476). 
 
 
 
 
 
 
Figure 3.3. Ginginella sp. from SWC-38 of Eendracht-1 (x 392). 
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Figure 3.4. Semicytherura augusta Neale, 1975  
from SWC-38 of Eendracht-1 (x 660). 
 
 
 
 
 
 
Figure 3.5. Cytherella cf. jonesi Neale, 1975 from SWC-38 of Eendracht-1 (x 254). 
 
In SWC-39 and SWC-40 of Eendracht-1, which also belong to the Upper 
Cenomanian Rotalipora extinction Planktonic Foraminiferal Subzone, the presence 
of planktonic foraminifera that belong to the uppermost Albian to the lowest 
Cenomanian Planomalina buxtorfi Planktonic Foraminiferal Zone indicates that 
there has been reworking. As a consequence, the presence of Isocythereis sealensis 
Dingle, 1971 (previously reported from the Early Albian of the nearby Perth Abyssal 
Plain), Collisarboris? stanleyensis Dingle, 1984, Eocytheropteron sp., Arculicythere 
tumida Dingle, 1971, Robsoniella falklandensis Dingle, 1984 and Bairdia sp. A of 
Oertli (1974) may be due to reworking and/or a return to the environmental 
conditions that preceded the cool pulse of SWC-38. Abundant pyrite also occurs in 
these light greenish grey calcilutite samples, and some of the foraminifera are 
partially pyritised, whilst others are carbonised and rarely even oxidised. The 
abundance of pyrite and presence of carbonised foraminifera probably reflect an 
increase in organic matter within the sea-floor sediments, although the rare rose-
stained foraminifera indicate that the bottom waters were not oxygen deficient. 
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As indicated before, the third stage of the CTBE is associated with maximum biotic 
stress and oceanic anoxia due to significant expansion and intensification of the 
oxygen minimum zone at the height of the marine transgression and global warming 
(Keller et al., 2008). On the Exmouth Plateau the dark brown/green shales in 
Eendracht-1 and Scarborough-1 represent the third stage of the CTBE (see Figure 
3.1). 
 
SWC-36 of Scarborough-1 was retrieved from a dark green shale bed with white 
siliceous flecks (Esso Australia Ltd., 1979b). It is a radiolarian sand and the 
radiolarians are very poorly preserved and pyritised. It is not associated with any 
calcareous microfossils, including ostracods. SWC-35, which occurs seven metres 
below SWC-36, belongs to the Middle Cenomanian Rotalipora reicheli Planktonic 
Foraminiferal Zone, so the the upper Middle to Upper Cenomanian Rotalipora 
cushmani Planktonic Foraminiferal Zone has not been sampled. 
SWC No. Stratigraphic Reinterpreted
(Depth) Unit Age
96 (874.9 m) Early Maastrichtian   
95 (889 m)   
94 (908.8 m)  
93 (936 m) Middle Campanian 
91 (960.9 m) Toolonga Calcilutite Late Santonian 
Table 3.1. Stratigraphic distribution of ostracods in Outtrim-1.
SWC No. Stratigraphic Reinterpreted
(Depth) Unit Age
50 (1421 m)  
49 (1430 m) 
48 (1440 m) 
45 (1463 m) 
43 (1477 m) 
42 (1484 m) 
35 (1535 m) Middle Cenomanian  
33 (1550 m)  
32 (1558 m) 
81 (1560 m)  
80 (1565 m)   
31 (1567 m)   
79 (1572 m)  
78 (1579 m) 
77 (1586 m) 
76 (1590 m) 
73 (1602 m)  
72 (1606 m) 
Table 3.2. Stratigraphic distribution of ostracods in Scarborough-1.
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86 (1935 m)    
85 (1943 m)   
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80 (1983 m)    
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33 (2169.9 m)
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Table 3.3. Stratigraphic distribution of ostracods in Eendracht-1.
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Table 3.3 continued. Stratigraphic distribution of ostracods in Eendracht-1.
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Table 3.4. Stratigraphic distribution of ostracods in Zeewulf-1.
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Part 2 
Chapter 4 
Background Review of the Lithology, 
Biostratigraphy, Events and Fossils of the Miria 
Formation and Offshore Equivalents 
 
Introduction 
 
This chapter outlines the lithology, biostratigraphy, events and fossils of the Upper 
Maastrichtian Miria Formation from the Southern Carnarvon Basin. Additional 
information from the author’s study of the KG-1 outcrop, the UWA Cardabia 
stratigraphic hole, the Exac-10 borehole, Zeewulf-1, Eendracht-1, ODP 761B, ODP 
762C, ODP 764A and ODP 766A is provided in the appendix. 
 
Lithology and Distribution 
 
The Miria Formation (Miria Marl of Condon (1954) and Condon et al. (1956)) is a 
calcarenite and calcisiltite, which was deposited under low- to medium-energy 
conditions upon a marine shelf (Iasky & Mory, 1999; Iasky et al., 2003; Mory et el., 
2003). It either disconformably overlies the Korojon Calcarenite, Toolonga Calcilutite or 
Withnell Formation (Hocking et al., 1987). 
 
In the North West Shelf sub-basins of the Northern Carnarvon Basin it is represented by 
a widespread, but usually thin, outer shelf marl and calcareous claystone, characterised 
by the presence of the planktonic foraminifera Abathomphalus mayaroensis (Apthorpe, 
1979; Hocking et al., 1987). The Miria Formation does not occur in Enderby-1 
(Apthorpe, 1979; Hocking et al., 1987) nor Outtrim-1 (Esso Australia Ltd., 1984), which 
are located, respectively, on the structural highs of the Enderby Terrace and the Alpha 
Arch. The reference section for the Miria Formation in the Dampier Sub-basin is 
between the depths of 2437.5 m and 2469 m in the petroleum exploration well 
Goodwyn-6 (Fig. 100, Hocking et al., 1987). 
 
The Miria Formation mainly occurs in the northernmost part of the Southern Carnarvon 
Basin, within the Airey Hill-1 petroleum exploration well immediately south of the 
Cardabia Transfer Fault (Iasky & Mory, 1999; Iasky et al., 2003; Mory et el., 2003), the 
UWA Cardabia stratigraphic well to the north of the Cardabia Transfer Fault, the Exac-
10 borehole in the Giralia Anticline and outcrops of the Giralia Anticline at KG-1 (Grey, 
1986), Toothawarra Creek (Hocking et al., 1987; Shafik, 1990) and C-Y Creek (Shafik, 
1990). However, Shafik (1990) also identified the Miria Formation at Cape Cuvier and 
Dirk Hartog Island on the coastline further south, which based on the occurrence of the 
calcareous nannofossil Lithraphidites quadratus without Micula murus would now be 
assigned to the middle Upper Maastrichtian UC20a calcareous nannofossil zone of 
Burnett (1998) and the KCCM2b composite calcareous microfossil zone of Howe et al. 
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(2003). Figure 4.1 illustrates the Maastrichtian calcareous nannofossil zones of Burnett 
(1998) and the composite calcareous microfossil zones of Howe et al. (2003). 
 
Whilst the Miria Formation in Airey Hill-1 is 95 m thick (Iasky et al., 2003; Mory et el., 
2003), at the type section in Toothawarra Creek on the western limb of the Giralia 
Anticline it is about 1.3 m thick (Shafik, 1990). In outcrop it is a condensed sequence 
(Mory et el., 2003), and Henderson and McNamara (1985a) record thicknesses of 0.6-
2.0 m for outcrops, along a strike-length of about 80 km, on the western and 
northeastern flanks of the Giralia Anticline, which forms the Giralia Range. At the KG-1 
outcrop the exposed section, from the nodule bed at the base to the disconfomity with 
the overlying Paleocene Boongerooda Greensand at the top, is 1.5m thick (Grey, 1986). 
 
Miria Formation Disconformities and Boundary Contacts 
 
At KG-1 (Grey, 1986), Toothawarra Creek (Shafik, 1990) and C-Y Creek (Shafik, 1990) 
the base of the Miria Formation has a phosphatic nodule bed that contains phosphatised 
macrofossils, including fragments of the bivalve Inoceramus, which have been reworked 
from the underlying Korojon Calcarenite (Hocking et al., 1987). This bed “represents a 
period of non-deposition during which a phosphatic hard ground surface formed” in 
water depths of 50-100m and which was subsequently reworked to form nodules as the 
sea transgressed to water depths of 100-200m (Grey, 1986). 
 
Grey (1986) notes that the Miria Formation “was deposited slowly and probably with 
several periods of non-deposition where minor reworking and erosion occurred” due to 
the occurrence of mechanically abraded and phosphatised macrofossils, phosphatic 
nodules and rare pelletal glauconite, with some derived from foraminiferal tests. The 
post-mortem history of the ammonites and nautiloids of the uppermost part of the Miria 
Formation was described by Henderson and McNamara (1985b). The non-heteromorph 
ammonites, the nautiloid Cimomia and the heteromorph ammonite Diplomoceras were 
preserved almost exclusively as phragmocones, whilst the heteromorph ammonites 
Eubaculites, which dominated the fauna, and Glyptoxoceras were predominantly 
preserved as body chambers. The dominance of Eubaculites is attributed to a conical 
shell shape, which would have rolled on the sea floor and avoided significant 
mechanical damage, and the ease with which the body chambers were infilled. In 
contrast, planispiral shells would have tumbled about and had their body chambers 
destroyed, unless they had been colonised by epizoans and endoliths. It is the endolith 
borings perforating the shell wall that enabled the shell to slowly fill with sediment. 
 
In the composite calcareous microfossil zonation of Howe et al. (2003), which was 
developed for the temperate surface waters of the Extratropical Province/Transitional 
Realm (Shafik, 1990, 1993, 1994; Huber, 1992) of the North West Shelf, the last 
occurrence of the calcareous nannofossil Eiffellithus eximius occurs in the late Late 
Campanian, and hence, any representatives of the species in the Miria Formation are 
reworked elements. This is also the case for the calcareous nannofossils Aspidolithus 
parcus (recorded as Broinsonia parca in Shafik (1990)), Reinhardtites levis and 
Zeughrabdotus bicrescenticus (recorded as Zygodiscus bicrescenticus in Shafik (1990)). 
On the North West Shelf, Zeughrabdotus bicrescenticus has its last occurrence between 
the last occurrence of Reinhardtites levis and the first occurrence of the planktonic 
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foraminifera Abathomphalus mayaroensis, that is in the earliest Late Maastrichtian and 
the base of the UC19 calcareous nannofossil zone of Burnett (1998). These events are 
illustrated in Figure 4.1. 
 
A reinterpretation for this study of the calcareous nannofossil distribution tables of 
Shafik (1990, Checklist 7 & 8) revealed the extent of the disconformity at the base of the 
Miria Formation in the Southern Carnarvon Basin. 
 
In all of the Korojon Calcarenite samples just beneath the base of the Miria Formation’s 
nodule bed, Zeughrabdotus bicrescenticus occurs with Reinhardtites levis and, with the 
exception of the type section, with Eiffellithus eximius. This represents a disconformity 
(labeled C in Figure 4.1), which includes the KCCM6e-13 composite calcareous 
microfossil zones of Howe et al. (2003) and the base of the UC19 to UC16 calcareous 
microfossil zones of Burnett (1998). Hence, the late Late Campanian to earliest Late 
Maastrichtian interval is missing. This disconformity also occurs in Dirk Hartog-4 
beneath the UC20a/KCCM2b zones identified in Sample MFN-412, and in Breton Bay-
1, much further south in the Perth Basin, beneath the UC20b/KCCM2a zones identified 
in Samples MFN-3023 to MFN-3019 of the Breton Marl (see Checklist 10 and 4, 
respectively, of Shafik (1990) for the calcareous nannofossil distributions). 
 
In the type section, Zeughrabdotus bicrescenticus occurs with Reinhardtites levis and 
Aspidolithus parcus. This represents a disconformity (labeled B in Figure 4.1), which 
includes the KCCM6e-8a composite calcareous microfossil zones of Howe et al. (2003) 
and the base of the UC19 to UC17 calcareous microfossil zones of Burnett (1998). 
Hence, the middle Early Maastrichtian to earliest Late Maastrichtian interval is missing.   
Shafik (1990) also recognized a hiatus between the Miria Formation and the underlying 
Korojon Calcarenite, as well as the Breton Marl and the underlying Lancelin Beds of the 
Perth Basin, which included the “middle and probably part of the late Maastrichtian”. 
This disconformity also occurs in Cape Cuvier-1 beneath the UC20a/KCCM2b zones 
identified in Sample MFN-1213 and in Pasco-1, near Barrow Island on the North West 
Shelf, beneath the UC20b/KCCM2a zones identified in Sample MFN-87 (see Checklist 
10 and 9, respectively, of Shafik (1990) for the calcareous nannofossil distributions). 
 
Further north on the North West Shelf of the Northern Carnarvon Basin, in Delambre-1, 
Reinhardtites levis occurs with Aspidolithus parcus, beneath a 34 m thick Upper 
Maastrichtian interval that includes the UC20b-19/KCCM2a-6 zones in Samples MFN-
2241 to MFN-2249 (see Checklist 11 of Shafik (1990) for the calcareous nannofossil 
distributions). This represents a disconformity (labeled A in Figure 4.1), which includes 
the KCCM7-8a composite calcareous microfossil zones of Howe et al. (2003) and the 
UC18-17 calcareous microfossil zones of Burnett (1998). Hence, the middle to late 
Early Maastrichtian interval is missing. The earliest Late Maastrichtian, KCCM6e-f 
composite calcareous microfossil zones of Howe et al. (2003) and the base of the UC19 
calcareous microfossil zone of Burnett (1998), is also probably missing, with the 
occurrence of Zeughrabdotus bicrescenticus in Sample MFN-2249 representing 
evidence of reworking. 
 
The biostratigraphic reinterpretation of Zeewulf-1, ODP 761B, ODP 762C, ODP 764A 
and ODP 766A (details of which are provided in the appendix) also revealed the extent 
of this disconfomity in the Northern Carnarvon Basin. This is illustrated in Figure 4.1. 
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Although Apthorpe (1979) noted that the C12 planktonic foraminiferal zone is missing 
in many wells in this region due to a “Middle Maestrichtian” disconformity, this zone 
does not exist in this area as Contusotruncana contusa (recorded as Globotruncana 
contusa in Wright and Apthorpe (1976)) appears after, not before, Abathomphalus 
mayaroensis (see Figure 4.1). However, Apthorpe (1979) also noted that in some wells 
the underlying C11 zone was clearly eroded and that the overlying C13 zone showed 
transgressive deepening from the base upwards, and that there was “insufficient 
evidence to postulate the withdrawal of the sea from most of the basin during the Middle 
Maestrichtian”. 
 
Howe et al. (2003) attribute this disconformity to the corrosive and/or strong currents of 
cold, oxygenated, bottom waters generated around Antarctica, which “flowed north past 
the northwestern Australian margin into the Tethys Ocean”, since “geographical barriers 
between Antarctica and South America and in the central Atlantic … inhibited the free 
circulation of intermediate to deep waters”. During the Early Maastrichtian the Southern 
Ocean was isolated from the global oceanic circulation system, probably due to a 
eustatic fall in sea level (Frank & Arthur, 1997). Whilst the Southern Ocean during the 
Santonian to Early Campanian, based on calcareous plankton and ammonites, “has a 
relatively low degree of endemism”, during global cooling in the Late Campanian to 
Early Maastrichtian, this fauna became endemic (Olivero & Medina, 2000), and 
consequently, as stated above, isolated from the global oceanic circulation system. In the 
Late Maastrichtian, whilst there is a “drastic diversity decrease” in Antarctica, 
diversification characterised the rest of the Southern Ocean, and “the kossmaticeratids 
spread toward lower latitudes as a stenothermal group of ammonites moving toward 
their preferred seawater temperature” (Olivero & Medina, 2000). Near the Early-Late 
Maastrichtian boundary communication with the global oceanic circulation system was 
restored (Frank & Arthur, 1997), but this system had been reorganised due to the “final 
breaching of the Walvis Ridge and Rio Grande Rise” in the South Atlantic Ocean, which 
“caused increased oceanic overturn and ventilation of the deep ocean” (Frank & Arthur, 
1999). 
 
At Blake Nose, in the low latitude, western North Atlantic Ocean of the Northern 
Hemisphere, there is also a disconformity representing “most of the lower and middle 
Maastrichtian sediments of DSDP Hole 390A” (Linnert & Mutterlose, 2009). Deroo 
(1966), on the opposite side of the North Atlantic, also described a Maastrichtian 
hardground of “reworked fauna from underlaying Campanian and eroded Lower 
Maastrichtian” upon the “pure chalk … of Upper Campanian age (lower part)” and 
noted that a “regional gap of the largest part of Lower Maastrichtian” occurred in the 
Maastricht region of the southeast part of the North Sea Basin. This movement of cold, 
oxygenated, bottom waters towards the equator may have contributed to the “major 
ecological event during the mid-Maastrichtian that affected all the world’s oceans across 
a wide range of depths and latitudes” and which led to the gradual demise of the 
inoceramid bivalves (MacLeod et al., 1996). 
 
The contact between the Miria Formation and the overlying Paleocene Boongerooda 
Greensand is sharp, disconformable and includes “discrete pieces of reworked Miria 
Marl yielding exclusively latest Maastrichtian coccoliths: Micula prinsii, M. murus, 
Nephrolithus frequens and Ceratolithoides kamptneri” as well as ammonite specimens 
(Shafik, 1990). In the Carnarvon and Perth Basins the record of uppermost Maastrichtian 
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carbonates is almost non-existent due to “active erosion during the earliest Paleocene” 
and because “deposition during the latest Maastrichtian was probably insignificant 
compared with earlier sediments” (Shafik, 1990). 
 
The Transitional Realm of the Miria Formation and its 
Biostratigraphic and Palaeoclimatic Events 
 
During the Maastrichtian, Huber (1992) assigned the Carnarvon Basin and the rest of the 
North West Shelf to the north to a Transitional Realm. Wright and Apthorpe (1976) 
observed that during the Maastrichtian the North West Shelf, north of the Southern 
Carnarvon Basin, could possibly be subdivided “into a warmer northern and cooler 
southern area”. The warmer planktonic foraminifer Globotruncana aegyptiaca does not 
occur south of the latitude 18ºS and the cooler planktonic foraminifer Rugotruncana cf. 
subcircumnodifer, which only occurs in the Early Maastrichtian, does not occur north of 
the latitude 17ºS (Wright & Apthorpe, 1976). This transitional zone between the latitude 
17-18ºS lies within the Offshore Canning Basin, just to the north of the Northern 
Carnarvon Basin, and consequently the Northern Carnarvon Basin is part of the “cooler 
southern area” Wright and Apthorpe (1976). Gartner, Johnson and McGowran (1974), 
based on planktonic foraminifera, had also observed that the Southern Carnarvon Basin 
was extratropical. Consequently, the Carnarvon Basin represents a transitional zone with 
some Austral influences, whilst the remainder of the North West Shelf represents a 
transitional zone with some Tethyan influences. During the Late Maastrichtian this 
Transitional Realm narrowed and shifted polewards (Huber, 1992). 
 
In the Upper Maastrichtian Miria Formation, the dominance of rugoglobigerinids and 
biserial heterohelicids, which are characteristic of cool southern waters (Henderson et 
al., 2000), combined with predominantly double-keeled globotruncanids, that are 
characteristic of the warm waters of New Guinea (Henderson et al., 2000), indicates a 
transitional assemblage and temperate surface waters. Of the species recorded by Edgell 
(1957), Belford (1958), Wright & Apthorpe (1976) and Grey (1986), Contusotruncana 
contusa, Globotruncanita stuarti, G. stuartiformis, G. elevata, Globotruncana arca, G. 
falsostuarti, G. aegyptiaca, Planoglobulina acervulinoides, Pseudotextularia varians 
and Heterohelix striata are characteristic of the Late Maastrichtian Tethyan and 
Transitional Realms, whilst Rugoglobigerina pennyi (recorded as R. pilula) and R. 
milamensis are characteristic of the Tethyan Realm (Figure 15, Zepeda, 1998, adopted 
from Huber, 1992). 
 
Shafik (1990), in his study of the Late Cretaceous calcareous nannofossils of the 
Australian western margin, also assigned the Upper Maastrichtian sediments of the 
Southern Carnarvon Basin and the North West Shelf of the Northern Carnarvon Basin to 
the Extratropical Province, based on the co-occurrence of rare warm-water Micula 
murus and rare cold-water Nephrolithus frequens with “frequent and persistent 
Ceratolithoides aculeus”. Other calcareous nannofossil species characteristic of cold 
water which occur in the Miria Formation of the Southern Carnarvon Basin are 
Cribrosphaerella daniae, Biscutum magnum and Kamptnerius magnificus, whilst at the 
northern end of the Northern Carnarvon Basin the warm-water Quadrum gothicum 
occurs in Delambre-1. Species which indicate a shallow marine environment are 
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Braarudosphaera bigelowii, Ahmuellerella regularis (recorded as Actinozygus 
regularis), Acuturris scotus, Calculites obscurus and Lucianorhabdus cayeuxii (Shafik, 
1990), and Gartnerago obliquum and Kamptnerius magnificus (Henderson et al., 2000). 
 
A reinterpretation for this study of the calcareous nannofossil distribution tables of 
Shafik (1990, Checklist 7 & 8) identified the Upper Maastrichtian calcareous 
nannofossil zones of Burnett (1998) within the Perth Basin (Breton Bay-1 and Breton 
Bay-5), the Miria Formation of the Southern Carnarvon Basin (the type section, C-Y 
Creek, TWB82 section and CY83 section), and the Northern Carnarvon Basin (Pasco-1 
and Delambre-1). Burnett’s (1998) UC19-20d calcareous nannofossil zones and the 
MFN samples of Shafik (1990) that have been assigned to them are illustrated in Table 
4.1. Table 4.1 also uses the distribution of the calcareous nannofossils, which are 
characteristic of either cold or warm water masses, to broadly determine the temperature 
of the water masses associated with the Upper Maastrichtian calcareous nannofossil 
zones of Burnett (1998). 
 
 
 
  Cold-water Species Warm-water Species 
UC Zone MFN Sample 
N. 
frequens 
C.  
daniae 
K.  
magnificus 
B. 
magnum 
C. 
aculeus 
M. 
murus 
Q. 
gothicum 
Water 
Temperature 
Interpretation 
BRETON BAY-5 
2666 x x x         Cold 
2667 x x x         Cold 
3025 x   x         Cold 
UC20a 
3024 x x x   x     Intermediate 
BRETON BAY-1 
3023 x x x         Cold 
3022 x x x         Cold 
3021 x x x ?       Cold 
3020 x x x   x     Intermediate 
UC20b 
3019 x x x   x x   Intermediate 
C-Y CREEK 
UC20b 359           x   Warm 
358 x             Cold UC20a 
357         x     Warm 
TWB82 SECTION 
2325 x       x x   Intermediate 
2324 x             Cold 
2323 x x x   x x   Intermediate 
UC20d 
2322 x       x     Intermediate 
2321 x       x     Intermediate UC20c 
2320 x x     x     Intermediate 
2319 x       x     Intermediate 
2318         x     Warm 
2317 x       x     Intermediate 
2316 x   x   x     Intermediate 
UC20a 
2315 x       x     Intermediate 
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TOB83 SECTION (MIRIA FORMATION TYPE SECTION) 
2654         ? x   Warm UC20c 
2653 x       x     Intermediate 
2652 x         x   Intermediate 
2651                 UC20b 
2650         x x   Warm 
2649                 
2648         x     Warm 
2647 x       x     Intermediate 
UC20a 
2646 x       x     Intermediate 
2645       x x     Intermediate 
2644         x     Warm UC19 
2643   x     x     Intermediate 
CY83 SECTION 
2683 x         x   Intermediate UC20b 
2682 x         x   Intermediate 
2681 x       x     Intermediate 
2680         x     Warm 
2679         x     Warm 
2678 x       x     Intermediate 
UC20a 
2677 x       x     Intermediate 
PASCO-1 
UC20b 87         x x   Warm 
DELAMBRE-1 
UC20b 2241 x       ? x   Intermediate 
2242                 UC20a 
2243         x   x Warm 
2244         x     Warm 
2245         x     Warm 
2246         x     Warm 
UC19 
2249         x     Warm 
Table 4.1. Distribution of cold-water and warm-water calcareous nannofossils in the 
Miria Formation of the Carnarvon Basin and the Breton Marl of the Perth Basin. 
 
Figure 4.2 is a schematic illustration derived from Table 4.1 that illustrates the 
dominance of warm to temperate (intermediate) water masses in the Upper 
Maastrichtian Miria Formation, in contrast to the predominantly cold water mass of the 
Upper Maastrichtian Breton Marl of the Perth Basin to the south, which Shafik (1990) 
assigned to the Austral Province, based on the occurrence of abundant Nephrolithus 
frequens with rare Ceratolithoides aculeus and numerous other Austral species. 
 
The author had hoped that this biostratigraphic reinterpretation, and that of the KG-1 
outcrop, Zeewulf-1, Eendracht-1, ODP 761B, ODP 762C, ODP 764A and ODP 766A 
(details of which are provided in the appendix), would demonstrate how climatic 
changes during the Late Maastrichtian impacted upon the distribution of the ostracods. 
Unfortunately, whilst the ostracods do indicate that this transitional area had both 
Austral and Tethyan influences there is no obvious zonation. Nevertheless, the analysis 
of the distribution of the calcareous microfossils and the processed samples did reveal 
climatic and oceanographic changes. 
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Figure 4.2. Schematic illustration of the distribution of cold, intermediate and warm-
water calcareous nannofossil species in the Southern, Northern and Perth Basins. Blue 
indicates cold water masses, orange temperate water masses and red warm water masses. 
 
Shafik (1990) noted that the occurrence of Micula murus and Ceratolithoides aculeus at 
the base of the Breton Marl in Breton Bay-1 and Ceratolithoides aculeus at the base of 
the Breton Marl in Breton Bay-5 “could have been due to a short-lived event responsible 
for a rise in water temperature.” Table 4.1 and Figure 4.2 indicate that warmer waters 
characterise the base of the UC20a zone in Breton Bay-5 in the Perth Basin, at C-Y 
Creek in the Giralia Anticline of the Southern Carnarvon Basin and probably in 
Delambre-1 on the North West Shelf of the Northern Carnarvon Basin (due to the 
occurrence Quadrum gothicum). 
 
In Burnett (1998), the first occurrence of Lithraphidites quadratus, which defines the 
base of the UC20a zone, occurs near the top of the C31n magnetochron. In Figure 7 of 
Thibault and Gardin (2007), the southern mid-latitude Late Maastrichtian planktonic 
foraminferal δ18O curve, which has been derived from Li and Keller (1998a) and Li and 
Keller (1998b), illustrates a warming event at the start of the Late Maastrichtian during 
the C31n magnetochron. The first positive shift in Figure 7 of Thibault and Gardin 
(2007), which indicates the onset of the global cooling event of the C30n magnetochron  
(Li & Keller, 1998a,b, 1999; Barrera & Savin, 1999), occurs in the upper part of the 
C31n magnetochron, near the base of the UC20a zone. 
 
In Figure 7 of Thibault and Gardin (2007), the first appearance of Micula murus, which 
defines the base of the UC20b zone, occurs at the end of a brief warming trend early in 
the global cooling event of the C30n magnetochron. Table 4.1 and Figure 4.2 indicate 
that warmer waters characterize the base of the UC20b zone in Breton Bay-1 of the 
Perth Basin. 
 
During these warming events, Figure 7 of Thibault and Gardin (2007) shows the δ18O 
curves of the benthonic and planktonic foraminifera diverging, such that whilst the 
surface waters are warming the bottom waters are cooling, which indicates increasing 
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stratification of the water column. This is not the case in the latest Maastrichtian 
greenhouse warming event associated with the Deccan continental flood basalts of India. 
 
In Figure 7 of Thibault and Gardin (2007) the abrupt, short-term, intense greenhouse 
warming event that is tied to the Deccan continental flood basalts of India occurs at the 
base of the C29r magnetochron (Li & Keller, 1998a,b, 1999; Barrera & Savin, 1999; 
Abramovich & Keller, 2003; Stüben et al., 2003; Thibault & Gardin, 2006; Keller, 
2008), that is where Burnett (1998) would place the first occurrence of Micula prinsii, 
and hence the start of the UC20d zone. This event was defined “based on decreased δ18O 
values in benthic foraminifera and a reduced gradient between planktic and benthic 
foraminiferal δ18O” (Thibault and Gardin, 2007), which indicates “a reduction in the 
vertical water mass stratification that is accompanied by a decrease in niche habitats” 
(Abramovich & Keller, 2003). During this warming event Figure 7 of Thibault and 
Gardin (2007) shows a strong negative benthonic foraminiferal δ18O excursion, hence 
substantial warming of the bottom waters, whilst the planktonic foraminiferal δ18O curve 
fluctuates rapidly but is not as strongly negative, hence surface waters that have not 
warmed as much as the bottom waters but which fluctuate more strongly. In the Indian 
Ocean, high volcanic nutrient influx resulted in eutrophic conditions, oxygen poor 
waters, a reduction in vertical water mass stratification, and impoverished and dwarfed 
faunas (Tantawy et al., 2009). In the western equatorial and South Atlantic Ocean, it is 
characterised by low surface water productivity due to decreased upwelling (Li & 
Keller, 1998b; Abramovich & Keller, 2003; Thibault and Gardin, 2006, 2007), and in 
the planktonic foraminifera, a strong decline in diversity, dwarfing and a decline in the 
abundance of tropical-subtropical species relative to mid-latitude species (Abramovich 
& Keller, 2003), poleward expansion and increased abundance of Contusotruncana 
contusa and Pseudotextularia elegans (Huber & Watkins, 1992; Kucera & Malmgren, 
1998; Olsson et al., 2001;), and a decrease in the abundance of cold-water calcareous 
nannofossils coincident with an increase in the abundance of the warm-water Micula 
murus (Thibault & Gardin, 2006, 2007). Abramovich and Keller (2003) note that 
“climate warming did not create favorable conditions for all tropical-subtropical species 
at mid-latitudes” and this may explain why there are indications of colder waters in 
Table 4.1 and Figure 4.2, based on the exclusion of warm-water species, in the middle of 
the UC20d zone of the TWB82 Section. 
 
Apart from these three brief global warming events, the Late Maastrichtian was a period 
of global cooling (Li & Keller, 1998a,b, 1999; Barrera & Savin, 1999). Thibault and 
Gardin (2007) reported two anomalies in the C30n magnetochron. They are the 
“surprisingly high abundance” of cold-water Kamptnerius magnificus at Demerara Rise 
in the Western Tropical Atlantic off Surinam (Thibault & Gardin, 2006) and “ammonites 
usually restricted to the southern middle to high latitudes of the Indo-Pacific” in the Gulf 
of Mexico (Ifrim et al., 2004). Although “the source of these cold surface waters needs 
to be further investigated” (Thibault and Gardin, 2007), it is worth noting that the 
geographical barrier formed by the Rio Grande Rise and Walvis Ridge in the middle 
latitude of the South Atlantic was breached by sea-floor spreading along the Mid-
Atlantic Ridge near the Early-Late Maastrichtian boundary (Frank & Arthur, 1999), 
which would have enabled the cold bottom waters being generated in the high southern 
latitudes to flow into the Western Tropical Atlantic. It is also worth noting that during 
the cooling events of the C30n magnetochron, Figure 7 of Thibault and Gardin (2007) 
shows the δ18O curves of the benthonic and planktonic foraminifera converging, such 
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that whilst the surface waters are cooling the bottom waters are warming, which reflects 
increased mixing of the water column. This is not the case with the rapid cooling event 
at the close of the Cretaceous (Li & Keller, 1998b), which followed the greenhouse 
warming event associated with the Deccan continental flood basalts of India. 
 
In Figure 7 of Thibault and Gardin (2007), the end of Cretaceous cooling event shows a 
strong positive benthonic foraminiferal δ18O excursion, hence substantial cooling of the 
bottom waters, whilst the planktonic foraminiferal δ18O curve is not as strongly positive, 
hence surface waters that have cooled but not as much as the bottom waters. It is 
characterised by medium surface water productivity, an increase in the abundance of 
cold-water calcareous nannofossils coincident with a decrease in the abundance of the 
warm-water Micula murus (Bernaola & Monechi, 2007; Thibault & Gardin, 2007), a 
peak in the abundance of Manumiella seelandica dinocysts (Habib & Saeedi, 2007) and 
“a well stratified photic zone” (Bernaola & Monechi, 2007). This event occurs at the end 
of the UC20d zone and by the close of the Cretaceous the planktonic and benthonic 
foraminiferal δ18O and δ13C curves in Figure 7 of Thibault and Gardin (2007) indicate 
that conditions have returned to the levels at the start of the UC20a zone, with the 
exception that the surface waters are now much colder. 
 
Whilst this interpretation is very broad, it does demonstrate that although the Late 
Maastrichtian was characterized by a global cooling trend, temperature and climate 
fluctuated, and this impacted upon the geographical distribution of various species, and 
especially the floral and faunal composition of transitional areas like the Carnarvon 
Basin. Evidence for fluctuations in Austral and Tethyan influences is demonstrated in 
ODP 762C where cold water calcareous nannofossil species occur earlier than in the 
more northerly ODP 761B and warm water calcareous nannofossil species disappear 
earlier than in ODP 761B (details of which are provided in the appendix). In terms of 
planktonic foraminifera, whilst both sites belong to the Transitional Realm of Huber 
(1992), the numerous Tethyan influences and lack of Austral influences in ODP 761B 
reflects its closer proximity to the Tethyan/Transitional Realm boundary, whilst the 
more southerly ODP 762C, where a few Austral influences were recorded, reflects its 
closer proximity to the Austral/Transitional Realm boundary. 
 
Fossils 
 
The Miria Formation is very fossiliferous. In addition to the ostracod fauna described in 
this study, and the planktonic foraminifera and calcareous nannofossils discussed above 
and in the appendix, it includes ammonites, nautiloids, bivalves, gastropods, 
scaphopods, brachiopods, corals, echinoids (McNamara, 1987), sponges, hydrozoans, 
bryozoans, barnacles, fish and shark teeth, radiolarians, dinocysts and benthonic 
foraminifera. Vertebrate remains include three associated mosasaur caudal vertebrae 
(Long, 1998), an incomplete sea turtle scapula (Kear & Siverson, 2010), an incomplete 
pterodactyl ulna (Bennett & Long, 1991) and presumably a humerus fragment of a 
theropod dinosaur (Long, 1992). 
 
The benthonic foraminifera (Edgell, 1954; Belford, 1958; Grey, 1986) of the Miria 
Formation belong to the Marssonella Association of Haig (1979), which is characterised 
“by calcareous agglutinated foraminifera and a diverse hyaline assemblage apparently 
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adapted to normal marine neritic-bathyal conditions”, which occurs “in biogenic 
carbonate muds and sands and in calcareous siliciclastic muds of the open continental 
shelf and slope” (Henderson et al., 2000). The presence of Bolivinoides draco draco, B. 
decorata gigantea and Neoflabellina reticulata indicates a Late Maastrichtian age (Grey, 
1986). 
 
Henderson et al. (2000) note that the ammonites (Spath, 1941, Brunnschweiler, 1966; 
Henderson and McNamara, 1985a; Henderson et al., 1992) are similar to those described 
from southern India, which was part of an eastern Gondwana biogeographic area 
(eastern South Africa - Madagascar - southern India).  During the Late Maastrichtian, 
the kossmaticeratids and brahmaitids diversified in the eastern Gondwana area, but in 
the Weddellian Province (New Zealand - Antarctica - Patagonia) the cosmopolitan 
phylloceratids vanished from Antarctica and there was a dramatic reduction in the 
kossmaticeratids to only the genera Grossouvrites and Maorites (Olivero and Medina, 
2000). However, Olivero and Medina (2000) note that several Weddellian 
kossmaticeratids and allied genera persisted into the Late Maastrichtian within the Miria 
Formation. During the Late Campanian to Maastrichtian, global cooling and decreasing 
water depths in the high southern latitudes resulted in the “progressive expulsion into 
lower latitudes of a number of key groups”, including various ammonite families, 
“nearly all the belemnites, the inoceramid bivalves, and many genera of trigoniids”, 
another bivalve family Crame et al. (2004). 
 
The nautiloid Cimomia tenuicostata (Glenister et al., 1956), which is a pandemic genus 
but uniquely Australasian species (Henderson et al., 2000) was recovered from the Miria 
Formation. 
 
Henderson et al. (2000) also note that the Miria Formation contains a rich benthonic 
molluscan fauna (Darragh & Kendrick, 1991, 1994), which includes “approximately 44 
genera/subgenera of bivalves, gastropods and scaphopods and several taxa of uncertain 
affinity”. The dentaliid scaphopod species described by Stilwell (1999) is endemic at the 
species level but cosmopolitan at the genus level. The gastropods consist of groups 
widely distributed within the Temperate and Tethyan Realms of the Late Maastrichtian, 
and are characteristic of temperate to warm temperate surface waters (Darragh & 
Kendrick, 1994), and the comparatively high generic and specific diversity of the 
pectinid bivalves reflects a Tethyan influence (Darragh & Kendrick, 1991). There is 
only one bivalve, Panopea stenopleura, that has a Weddellian affinity (Darragh & 
Kendrick, 1991). 
 
Craig (2002) records five species of brachiopods from the Miria Formation, three of 
which first appear in the region in the Santonian. Three of these genera, Liothyrella, 
Zenobiathyris and Terebratulina, also occur within the Late Cretaceous or Paleogene of 
the Antarctic Peninsula (Craig, 2002). Craig (2002) postulates, based on these three 
genera and another three from the Santonian-Campanian deposits of Western Australia 
which also occur on the Antarctic Peninsula, that a “shelf existed between the Antarctic 
Peninsula and the western coast of Australia during the Late Cretaceous.” Craig (2002) 
notes that within this southern circum-Indo-Atlantic province (in contrast to the 
Weddellian southern circum-Pacific province) the Antarctic and Western Australian 
genera evolved, and that many subsequently dispersed into the northern Indian, Atlantic 
and Pacific Oceans. 
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Jell et al. (2011) described scleractinian corals, whose greatest similarity was with those 
of India and Madagascar, that represented “a soft-bottom ahermatypic fauna living in 
clear open sea waters” with little terrigenous input. The corals were generally “preserved 
as steinkerns with virtually none of the original biological carbonate remaining” (Jell et 
al., 2011). They also described a sponge (poriferan), the first Cretaceous record and 
consequently the oldest representative of the hydrozoan genus Stylaster and another 
hydrozoan that was originally described from the Eocene reef limestones of Tonga. 
 
McMinn (1988) notes that the Alisocysta circumtabulata dinocyst interval zone is 
recorded from the Miria Formation, and that this zone is associated with the Upper 
Maastrichtian Abathomphalus mayaroensis planktonic foraminiferal zone of Wright and 
Apthorpe (1976) and the C13 zone of Apthorpe (1979). Helby et al. (1987) note that the 
oldest occurrence of Alisocysta circumtabulata occurs within their Upper Maastrichtian 
to basal Danian Manumiella druggii dinocyst interval zone, which is the final zone of 
the Isabelidinium Superzone. The Isabelidinium Superzone is characterised by the 
prominence and diversity of distinctive peridinioids and Dinogymnium spp., is Santonian 
to possibly basal Danian in age, and occurs along the southern margin of Australia and 
within the Perth and Carnarvon Basins (Helby et al., 1987). Henderson et al. (2000) note 
that the Isabelidinium flora also occurs in New Zealand, the Antarctic Peninsula and on 
the Falkland Plateau, and that along the Western Australian margin “it displays a distinct 
north-south compositional gradient with a decline in frequencies of peridinioid cysts in 
more northerly areas.” 
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Part 2 
Chapter 5 
Taxonomy of the Ostracod Fauna of the Miria 
Formation and Offshore Equivalents, with 
Remarks on Palaeobiogeographic Affinities 
 
Introduction 
 
This chapter describes the ostracod fauna of the Upper Maastrichtian Miria Formation 
from the KG-1 outcrop, the UWA Cardabia stratigraphic hole (in part) and the Exac-10 
borehole (in part) of the Southern Carnarvon Basin, and its offshore equivalents from 
two petroleum exploration wells, Zeewulf-1 and Eendracht-1, of the Northern Carnarvon 
Basin. 
 
Damotte (1992) previously described Late Maastrichtian ostracods from the eupelagic 
chalks and clayey chalks of ODP 761B and ODP 764A on the Wombat Plateau, and 
ODP 762C on the Exmouth Plateau. This Northern Carnarvon Basin bathyal fauna 
consisted of Paramunseyella exmouthensis Damotte, 1992, Philoneptunus aspericava 
(Bate, 1972), Apateloschizocythere geniculata Bate, 1972, Premunseyella sp. 2 
(recorded as Eucytherura? aff. pyramidatus Dingle, 1981) and species of Cytherella. 
Seven more species have been added to the Late Maastrichtian ostracod fauna of the 
Northern Carnarvon Basin by this study. They are Paramunseyella sp. 3 (Genus B sp. of 
Bate (1972)), Scepticocythereis ornata Bate, 1972, Hemiparacytheridea hemingwayi 
Neale, 1975, Munseyella sp. 1, Dutoitella sp., Dutoitella crassinodosa (Guernet, 1985) 
and Paijenborchella (Paijenborchella) sp.. 
 
The Southern Carnarvon Basin outer neritic ostracod fauna recovered from the Upper 
Maastrichtian muddy calcarenite of the Miria Formation was rich and diverse, unlike the 
sparse, low diversity fauna encountered in the bathyal offshore equivalents of the 
Northern Carnarvon Basin. 
 
The combined collection consists of 103 species from 59 genera and 19 families. The 
ostracod distribution is illustrated in the Appendix in Table A3 for the KG-1 outcrop, 
Table A4 for Zeewulf-1 and Table A5 for Eendracht-1. 
 
Two sets of SEM images appear in the plates associated with this chapter. One set was 
taken by the author at Deakin University, and another set was kindly taken for the author 
by Graham Hutchinson at Melbourne University. 
 
Upon formal publication of the new species identified here, the figured types will be 
submitted to Museum Victoria, for storage in their collections, and will be given formal 
Museum Victoria reference numbers. However, in the interim the author has given them 
preliminary reference numbers with the prefix MG. 
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Subclass OSTRACODA Latreille, 1806 
Order PODOCOPIDA Müller, 1894 
Suborder PLATYCOPINA Sars, 1866 
Family CYTHERELLIDAE Sars, 1866 
 
The members of this family are a major component of this fauna. There are seven 
species of Cytherella, eight species of Cytherelloidea and a species of Platella, which 
represents about 16% of the species diversity. Cytherelloidea and Platella are 
ornamented, and the first is characteristic of warm, shallow marine waters (van 
Morkhoven, 1963). The platycopids inhabit a wide variety of environments from 
intertidal to abyssal depths, warm to cold environments and areas that are oxygen-rich to 
oxygen-poor. In comparison with many podocopids, platycopids are more resilient and 
can cope better with changing environmental conditions. 
 
Genus CYTHERELLA Jones, 1849 
 
Type species: Cytherina ovata Roemer, 1840, p. 104, Plate 16, Fig. 21 
 
Cytherella batei sp. nov. 
(Plate 1, Figs. 1-10) 
 
Derivation of name: In honour of Dr. Raymond H. Bate who first noted the unique alate 
development of the genus Cytherella in Western Australia. 
 
Diagnosis: Smooth, inflated, elongate oval Cytherella carapace, with evenly rounded 
anterior margin and straight to gently convex ventral margin. The almost straight dorsal 
margin of the left valve turns downwards, towards the tapering posterior margin, at a 
rounded point at about two-thirds of the length of the valve. The dorsal margin of the 
right valve is more convex, with the turning point more subdued. The unevenly rounded 
posterior margin has a very convex posteroventral margin and a more gently convex 
posterodorsal margin, which meet in a rounded point at mid-height. The posterior 
margin of the right valve is more pointed than that of the left valve. In the posterolateral 
part of the valve there are outward and ventrally projected, swollen, alae. Internally, two 
brood cavities are visible in the posterior of the adult and penultimate instar female 
valves, which result in a rounder and more inflated posterior, and lifting of the rounded 
point of the dorsal margin, at about two-thirds of the length of the valve, to form a more 
obvious peak. The posterior of the males and juveniles, behind the alae is compressed. 
In the juvenile stages this compression enhances the appearance of the alae. Possible 
evidence of precocious sexual dimorphism. 
 
Holotype: An adult female left valve (MG0101) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 21 (Depth: 100-105cm. Age: Late Maastrichtian). 
  
Paratypes: A damaged adult female left valve (MG0105) from the Miria Formation of 
the Giralia Anticline KG-1 outcrop, Sample 10 (Depth: 45-50cm. Age: Late 
Maastrichtian). 
     An adult female right valve (MG0103) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
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Topotypes: A juvenile left valve (MG0102) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
        A penultimate instar right valve (MG0107) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
     A penultimate instar carapace (MG0106) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 21 (Depth: 100-105cm. Age: Late 
Maastrichtian). 
     A juvenile right valve (MG0104) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 24 (Depth: 115-120cm. Age: Late Maastrichtian). 
 
Other material: A damaged female left valve, a damaged female right valve, the 
posterior part of a male left valve, 15 juvenile left valves (two damaged), the posterior 
part of three juvenile left valves, four juvenile left valve fragments, ten juvenile right 
valves (four damaged), the posterior part of five juvenile right valves and four juvenile 
right valve fragments from the KG-1 outcrop. A damaged male right valve and a 
damaged juvenile left valve from the Exac-10 borehole. The posterior part of a female 
right valve, two juvenile carapaces, the posterior part of a juvenile right valve, a juvenile 
left valve fragment and a juvenile right valve fragment from the UWA Cardabia 
stratigraphic hole. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult female left valve MG0101 Plate 1, Fig. 1 1.15 0.60 
Topotype, juvenile left valve MG0102 Plate 1, Fig. 2 0.61 0.39 
Paratype, adult female right valve MG0103 Plate 1, Fig. 3 1.11 0.67 
Topotype, juvenile right valve MG0104 Plate 1, Fig. 4 0.71 0.46 
Posterior of an adult male left valve  Plate 1, Fig. 5   
Paratype, damaged adult female  
left valve 
MG0105 Plate 1, Fig. 6   
Topotype, penultimate instar carapace MG0106 Plate 1, Fig. 7 0.86 0.49 
Juvenile carapace  Plate 1, Fig. 8 0.42 0.27 
Topotype, penultimate instar  
right valve 
MG0107 Plate 1, Fig. 9 0.90 0.54 
Juvenile carapace  Plate 1, Fig. 10 0.36  
 
Description: Carapace smooth, inflated, elongate oval, with evenly rounded anterior 
margin and straight to gently convex ventral margin. The almost straight dorsal margin 
of the left valve turns downwards, towards the tapering posterior margin, at a rounded 
point at about two-thirds of the length of the valve. The dorsal margin of the right valve 
is more convex, with the turning point more subdued. The unevenly rounded posterior 
margin has a very convex posteroventral margin and a more gently convex posterodorsal 
margin, which meet in a rounded point at mid-height. The posterior margin of the right 
valve is more pointed than that of the left valve. 
 
The line of greatest length passes from the midpoint of the anterior margin to the 
rounded point of the posterior margin. The line of greatest height lies at or in front of the 
rounded point of the dorsal margin. The greatest width occurs in the posteroventral 
region, in association with the swollen, ventrally projected, alae (Plate 1, Figure 10). 
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In the posterolateral part of the valve there are outward and ventrally projected, swollen, 
alae. Internally, a deep depression indicates the position of the alae (Plate 1, Figures 6 & 
9). 
 
In the adult and penultimate instar females the posterodorsal and posteroventral brood 
cavities are expressed internally as two, weakly developed, pits in the posterior of the 
valve (Plate 1, Figure 6). Although these brood cavities are not visible externally, they 
result in a rounder and more inflated posterior, and lifting of the rounded point of the 
dorsal margin, at about two-thirds of the length of the valve, to form a more obvious 
peak. The posterior of the males and juveniles, behind the alae is compressed. In the 
juvenile stages this compression enhances the appearance of the alae. There may be 
evidence of precocious sexual dimorphism with males having more pointed posterior 
margins (Plate 1, Figure 4) and females more rounded posterior margins (Plate 1, Figure 
2). 
 
The typical ‘feather-shaped’ cytherellid muscle scar pattern is not visible internally or 
externally, although the slightly elevated area where these muscles attach to the inner 
surface of the valves is visible. 
 
The selvage of the left valve fits into the contact groove of the larger right valve. The 
contact grove is not as strongly developed in the anterior and posterior regions, 
compared with that of the dorsal and ventral regions (Plate 1, Figure 9). 
 
Remarks: Cytherella alata Bate, 1972 from the Campanian Korojon Calcarenite of the 
Southern Carnarvon Basin (Bate, 1972) is similar to Cytherella batei, except that the 
first has a broad dorsomedian depression, which is also reflected internally, and above 
which there is a gentle concavity in the dorsal margin. Cytherella batei is also larger and 
more elongate. 
 
Bate (1972) noted that the “alate development of C. alata is a unique character not 
repeated in any other species of this genus”, although now other Western Australian 
species have been identified which share this characteristic. Cytherella alatapunctata is 
a punctate form from the Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin, and two smooth juvenile valves of a more laterally compressed but 
still alate form is also illustrated from the same material (Plate 9, Figures 6 and 7). 
 
The author has also retrieved a more ovate and inflated form from the Northern 
Carnarvon Basin. This consists of three juvenile carapaces, three juvenile left valves and 
four juvenile right valves from the Upper Coniacian to Lower Maastrichtian Upper 
Cretaceous Carbonates of Eendracht-1, a juvenile carapace from the Upper Santonian to 
Lower Campanian Upper Cretaceous Carbonates of Scarborough-1, and three juvenile 
carapaces and a juvenile left valve from the Lower Campanian Upper Cretaceous Marls 
of Zeewulf-1. 
 
Cytherella nalukundiensis Bate, 1969 from the Cenomanian of Tanzania (Bate & 
Bayliss, 1969) is similar to Cytherella batei in outline and also has a “postero-ventrally 
flattened posterior end” but the rounded turning point of the dorsal margin is more 
centralised. It was noted that the possession of “an almost centred cardinal angle, steeply 
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sloping dorsal slopes, oval carapace and postero-ventrally flattened posterior end, differs 
from all previously described species of this genus” (Bate & Bayliss, 1969). 
 
Other alate cytherellids, assigned to Cytherella cf. lata Brady, 1880 by Guernet (1993) 
also occur within the middle Eocene to Miocene bathyal sediments of the Exmouth 
Plateau from the Northern Carnarvon Basin. However, it is interesting to note that in this 
case, Guernet (1993) illustrates that the more elongate males are more inflated in the 
posterior (Plate 1, Figure 1) and the females have a compressed posterior behind the alae 
(Plate 1, Figure 2). Guernet and Danelian (2006) also identified Cytherella gr. ovata-lata 
from the Upper Maastrichtian, Paleocene and middle Eocene bathyal sediments of the 
Demerara Rise in the western tropical Atlantic Ocean, off Surinam, but this time it is 
indicated that there is some uncertainty as to which form belongs to which sex. The 
female specimen from the Late Maastrichtian in Plate 1, Figure 1 (Guernet & Danelian, 
2006) is more like that characteristic of Western Australian alate cytherellids, which 
opens up the possibility that the female? specimen from the Paleocene in Plate 1, Figure 
2 (Guernet & Danelian, 2006) may be a male and the male? specimen, also from the 
Paleocene, in Plate 1, Figure 3 (Guernet & Danelian, 2006) may be a female. Perhaps 
this is also the case with those illustrated in Guernet (1993). 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Cytherella alatapunctata sp. nov. 
(Plate 9, Figs. 8-10) 
 
Derivation of name: Latin alatus – winged and Latin punctatus - punctured. A reference 
to the ventrally projected, alae in the posterolateral region and the pitted surface. 
 
Diagnosis: Oval Cytherella with broadly rounded anterior and more narrowly rounded 
posterior margins. The posterior margin of the right valve is more pointed than that of 
the left valve. Ventral margin almost straight. Slightly convex dorsal margin located 
behind a slight concavity at the anterior cardinal angle. The dorsal margin inclined 
gently towards the posterior. In the posterolateral part of the valve there are outward and 
ventrally projected alae. The shell surface is punctate, except for the smooth area of the 
central muscle scar depression. 
 
Holotype: An adult right valve (MG0201) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 20 (Depth: 95-100cm. Age: Late Maastrichtian). 
  
Paratype: A damaged adult left valve (MG0202) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 21 (Depth: 100-105cm. Age: Late Maastrichtian). 
 
Topotype: A penultimate instar right valve (MG0203) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 29 (Depth: 140-145cm. Age: Late 
Maastrichtian). 
 
Other material: A juvenile right valve fragment from the Exac-10 borehole. 
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Dimensions   Length (mm) Height (mm) 
Holotype, adult right valve MG0201 Plate 9, Fig. 8 0.58 0.40 
Paratype, damaged adult left valve MG0202 Plate 9, Fig. 9  0.37 
Topotype, penultimate instar right valve MG0203 Plate 9, Fig. 10 0.47 0.26 
 
Description: Carapace oval, with broadly rounded anterior and more narrowly rounded 
posterior margins. The posterior margin of the right valve is more pointed than that of 
the left valve. Ventral margin almost straight. Slightly convex dorsal margin located 
behind a slight concavity at the anterior cardinal angle. The dorsal margin inclined 
gently towards the posterior. 
 
The line of greatest length passes just below midpoint and the line of greatest height lies 
within the anterior of the valve. The greatest width occurs in the posteroventral region, 
in association with the ventrally projected, alae. 
 
In the posterolateral part of the valve there are outward and ventrally projected alae. 
Internally, a deep depression indicates the position of the alae. The shell surface is 
punctate, except for the smooth area of the central valve depression. The typical 
‘feather-shaped’ cytherellid muscle scar pattern, curved towards the anterior, is visible 
externally within the central muscle scar depression of the damaged adult left valve 
(Plate 9, Figure 9). 
 
No evidence of sexual dimorphism was observed, but this may be due to the limited 
number of specimens. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the larger right valve. 
 
Remarks: Cytherella alata Bate, 1972 from the Campanian Korojon Calcarenite of the 
Southern Carnarvon Basin (Bate, 1972) is very similar to Cytherella alatapunctata, 
except that the shell surface is smooth and there is a broad dorsomedian depression, 
which is also reflected internally. 
 
The punctate ornament easily differentiates Cytherella alatapunctata from the other 
alate cytherellid species of the Upper Cretaceous sediments from the Southern and 
Northern Carnarvon Basins. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Cytherella sp. 1 
(Plate 9, Figs. 6-7) 
 
Material: A damaged left valve and a damaged right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Right valve Plate 9, Fig. 6 0.54 0.33 
Left valve Plate 9, Fig. 7  0.30 
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Short description and remarks: These two damaged, very faintly reticulate, ovoid, 
valves, with ventrally projected alae in the posterolateral region, are very similar to 
Cytherella alata Bate, 1972 from the Campanian Korojon Calcarenite of the Southern 
Carnarvon Basin (Bate, 1972), except that they are laterally compressed and do not have 
the dorsomedian depression. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
 
Cytherella campanamutus sp. nov. 
(Plate 2, Figs. 4-6) 
 
Derivation of name: Latin campana - bell and Latin mutus – dumb. A reference to the 
dumb-bell shape of the valves, due to slight indentations at roughly mid-length dorsally 
and ventrally. 
 
Diagnosis: Smooth to terminally punctate, subrectangular Cytherella carapace, with 
concave ventral margin and evenly rounded anterior and posterior margins, all bordered 
by narrow rims. The dorsal margin of the right valve is almost straight. In the left valve 
the anterior part of the dorsal margin is straight and the posterior part is convex, which 
creates an indentation at about midpoint. In the females the posterodorsal and 
posteroventral brood cavities are expressed internally as two pits in the posterior of the 
valve, which externally produces a more inflated posterior. The males have a more 
concave ventral margin than the females. 
 
Holotype: An adult female right valve (MG0401) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 29 (Depth: 140-145cm. Age: Late 
Maastrichtian). 
 
Paratypes: An adult female right valve (MG0402) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 6 (Depth: 25-30cm. Age: Late Maastrichtian). 
     An adult female carapace (MG0403) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 9 (Depth: 40-45cm. Age: Late Maastrichtian). 
 
Other material: 18 female left valves (seven damaged), the posterior part of two female 
left valves, a female left valve fragment, seven female right valves (one damaged), the 
posterior part of six female right valves, a male left valve fragment, four male right 
valves (one damaged), the posterior part of two male right valves, two male right valve 
fragments, five juvenile left valves (two damaged), two juvenile left valve fragments and 
eight juvenile right valves (two damaged) from the KG-1 outcrop. Two female left 
valves (one damaged) and two female right valves from the Exac-10 borehole. Two 
damaged female left valves, the posterior part of two female left valves, the posterior 
part of two female right valves, a female right valve fragment and a male right valve 
fragment from the UWA Cardabia stratigraphic hole. 
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Dimensions   Length (mm) Height (mm) 
Holotype, adult female right valve MG0401 Plate 2, Fig. 4 0.68 0.38 
Paratype, adult female right valve MG0402 Plate 2, Fig. 5 0.65 0.34 
Paratype, adult female carapace MG0403 Plate 2, Fig. 6 0.68 0.39 
 
Description: Carapace subrectangular, with concave ventral margin and evenly rounded 
anterior and posterior margins, all bordered by narrow rims. The dorsal margin of the 
right valve is almost straight. In the left valve the anterior part of the dorsal margin is 
straight and the posterior part is convex, which creates an indentation at about midpoint. 
 
The line of greatest length passes through midpoint. The line of greatest height lies 
behind the midpoint of the left valve, and in the anterior third and posterior third of the 
right valve. The greatest width occurs in the posterior third of the valve. 
 
In the females the posterodorsal and posteroventral brood cavities are expressed 
internally as two pits in the posterior of the valve. Although these brood cavities are not 
visible externally, they produce a more inflated posterior. The males have a more 
concave ventral margin than the females. 
 
The shell surface is smooth or terminally punctate. The typical ‘feather-shaped’ 
cytherellid muscle scar pattern is not visible internally or externally, although the 
slightly elevated area where these muscles attach to the inner surface of the valves is 
visible. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the larger right valve. 
 
Remarks: The author retrieved a similar species, consisting of two female right valves 
and a male left valve, from the Campanian Upper Cretaceous Carbonates of Eendracht-1 
from the Northern Carnarvon Basin, except that in this species the ventral margin is 
strongly concave, the dorsal margin also has a narrow rim, the valves are more elongate, 
and most of the shell surface is wrinkled except for the smooth anterior quarter and 
muscle scar depression. The Platella sp. 5071 carapace, from the Late Maastrichtian at 
Rewa Stream and Te Wainohu Point on the North Island of New Zealand Dingle (2009, 
Plate 1, Figure 3), is probably a male and is very similar to the Eendracht-1 specimens 
retrieved by this author, except that the whole shell surface is reticulate. 
 
Cytherella campanamutus is similar to Cytherella miriaensis, which occurs in the Lower 
Maastrichtian Korojon Calcarenite and the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin, except that the first has a concave ventral margin and narrow 
rims on the anterior, ventral and posterior margins, and the latter has a much more 
inflated posterior and a right valve with an inclined dorsal margin. 
 
Cytherella campanamutus is similar to Cytherella sp. 2, which occurs in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, except that the first has 
narrow rims on the anterior, ventral and posterior margins, and the latter has an unevenly 
rounded posterior margin and a slightly concave dorsal margin. 
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Platella victoriae McKenzie et al., 1991, is similar to Cytherella campanamutus, except 
that the first is completely punctate. McKenzie et al. (1991) note that this “surface 
punctation indicates relatively warm ambient temperatures”. Platella victoriae 
McKenzie et al., 1991 occurs in the upper Oligocene Angahook Formation of Bells 
Headland, Victoria (McKenzie et al., 1991) and the latest Oligocene to earliest Miocene 
of the Willunga Embayment, South Australia (McKenzie, 1979). 
 
Dingle (1985) illustrates a Cytherella left valve in Figure 5A from the Coniacian of 
Zululand, South Africa, which is similar to Cytherella campanamutus, except that the 
first has a straight dorsal margin inclined towards the posterior. The subsequent 
Cytherella sp. morphotype 3 of (Dingle, 1981, 1980), from the shallow marine deposits 
of South Africa, from the Santonian to Maastrichtian of Zululand and the Maastrichtian 
of the Agulhas Bank, are more reminiscent of Cytherella campanamutus. 
 
Andreu et al. (2007) illustrate two smooth Cytherella carapaces in Plate 1, Figures 8 and 
9 from the Coniacian to Santonian of the Jaisalmer Basin, northwest India, which are 
similar to Cytherella campanamutus, except that the right valve of the first has convex 
dorsal and ventral margins, and the left valve has a straight ventral margin. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Cytherella miriaensis sp. nov. 
(Plate 2, Figs. 7-10) 
 
Derivation of name: With reference to the type locality of this species in the Miria 
Formation. 
 
Diagnosis: Smooth to terminally punctate, subrectangular to oval Cytherella carapace, 
with straight ventral margin, broadly rounded posterior margin and more narrowly 
rounded anterior margin. The dorsal margin of the right valve is straight and inclined 
towards the strongly inflated posterior. In the left valve the anterior part of the dorsal 
margin is straight and the posterior part is convex, which creates an indentation at about 
midpoint. The posterodorsal and posteroventral brood cavities of the females are only 
visible internally as two pits in the posterior of the valves. 
 
Holotype: An adult male right valve (MG0501) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 2 (Depth: 5-10cm. Age: Late Maastrichtian). 
  
Paratype: An adult female left valve (MG0504) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
 
Topotypes: A penultimate instar right valve (MG0502) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
    A penultimate instar left valve (MG0503) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 15 (Depth: 70-75cm. Age: Late Maastrichtian). 
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Other material: A male carapace, three damaged male right valves, the posterior part of a 
male left valve, two juvenile left valves and the posterior part of two juvenile left valves 
from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Topotype, penultimate instar right valve MG0502 Plate 2, Fig. 7 0.64 0.39 
Topotype, penultimate instar left valve MG0503 Plate 2, Fig. 8 0.62 0.34 
Holotype, adult male right valve MG0501 Plate 2, Fig. 9 0.67 0.36 
Paratype, adult female left valve MG0504 Plate 2, Fig. 10 0.65 0.34 
 
Description: Carapace subrectangular to oval, with straight ventral margin, broadly 
rounded posterior margin and more narrowly rounded anterior margin. The dorsal 
margin of the right valve is straight and inclined towards the strongly inflated posterior. 
In the left valve the anterior part of the dorsal margin is straight and the posterior part is 
convex, which creates an indentation at about midpoint. 
 
The line of greatest length passes through midpoint. The line of greatest height lies 
behind the midpoint and the greatest width occurs in the posterior third of the valve. 
 
In the females the posterodorsal and posteroventral brood cavities are expressed 
internally as two pits in the posterior of the valve. These brood cavities are not visible 
externally. 
 
The shell surface is smooth or terminally punctate. The typical ‘feather-shaped’ 
cytherellid muscle scar pattern is not visible internally or externally. 
 
The selvage of the left valve fits into the contact groove of the larger right valve. The 
contact grove is not as strongly developed in the anterior region, and peters out in the 
posteroventral corner. 
 
Remarks: The author has also retrieved a damaged Cytherella miriaensis female right 
valve and a damaged juvenile left valve from the Lower Maastrichtian Korojon 
Calcarenite of the UWA Cardabia stratigraphic hole. 
 
Cytherella miriaensis is similar to Cytherella campanamutus, which occurs in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, except that the first has 
a straight ventral margin, a much more inflated posterior and a right valve with an 
inclined dorsal margin, and the latter has narrow rims on the anterior, ventral and 
posterior margins. 
 
Cytherella miriaensis is similar to Cytherella sp. 2, which occurs in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, except that the first has 
a straight ventral margin, a much more inflated posterior and a right valve with an 
inclined dorsal margin, and the latter has an unevenly rounded posterior margin. 
 
Piovesan et al. (2009) illustrate a smooth Cytherella species, with a strongly inflated 
posterior, in Plate 1, Figure 2 from the Santonian to Upper Maastrichtian shallow marine 
sediments of the Pará-Maranhão Basin on the Brazilian equatorial margin which is very 
similar to Cytherella miriaensis. Also, Rossi de García and Proserpio (1980) illustrate a 
OSTRACOD TAXONOMY 
 
95 
completely punctate species in Plate 1, Figure 1, from the Late (?) Campanian and Early 
Maastrichtian of the San Jorge Gulf Basin, which is located between the Neuquén Basin 
of west-central Argentina and the Austral Basin of southern Argentina. This punctate 
species was assigned to Cytherella araucana Bertels, 1974, from the Early 
Maastrichtian of the Neuquén Basin, west-central Argentina, although it appears to have 
a much more strongly inflated posterior and a more evenly rounded posterior margin 
than that species. The punctate Cytherelloidea viedmaensis Echevarría, 1988 and a 
similar species, from the Oligocene to Pliocene of Argentina (Echevarría, 1998), also 
have strongly inflated posteriors. 
 
The punctate Cytherella araucana Bertels, 1974 is probably related to the ecophenotypic 
variants of Cytherella sylvesterbradleyi Reyment, 1963 (Bertels-Psotka, 1995), from the 
Late Campanian, Maastrichtian and early Tertiary of California, Argentina, northeastern 
Brazil, Senegal, Nigeria and Egypt, which includes smooth, anteriorly punctate and 
terminally punctate forms. A similar variation is evident in Cytherella campanamutus, 
Cytherella miriaensis and Cytherella sp. 2. 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Cytherella sp. 2 
(Plate 2, Figs. 1-3) 
 
Other material: Two right valves (one damaged), two left valves and a juvenile left valve 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Right valve Plate 2, Fig. 1 0.67 0.32 
Left valve Plate 2, Fig. 2 0.65 0.29 
Left valve Plate 2, Fig. 3 0.63 0.29 
 
Short description and remarks: These smooth to terminally punctate, subrectangular 
valves, have parallel and slightly concave dorsal and ventral margins, evenly rounded 
anterior margins and unevenly rounded posterior margins. They are very similar to 
Cytherella ballancei Milhau, 1993 from the lower Miocene Waitemata Group of the 
North Island of New Zealand (Milhau, 1993), including in size, except that their 
terminal punctation is restricted to a narrow band on the anterior margin of the left 
valve. For Cytherella ballancei Milhau, 1993, the females have their greatest height 
posteriorly, while the males have theirs anteriorly. 
 
They are also similar to Cytherella campanamutus, which occurs in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, except that they have 
an unevenly rounded posterior margin and a slightly concave dorsal margin, and the 
latter has narrow rims on the anterior, ventral and posterior margins. 
 
They also resemble Cytherella miriaensis, which occurs in the Lower Maastrichtian 
Korojon Calcarenite and the Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin, except that the they have an unevenly rounded posterior margin and 
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parallel, slightly concave dorsal and ventral margins, and the latter has a much more 
inflated posterior. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Cytherella greyi sp. nov. 
(Plate 3, Figs. 1-4) 
 
1972 Cytherella sp. Type B., Bate, p. 8, Plate 3, Fig. 5 
1991 Cytherella sp. Type B., Bate, 1972; Neale in Haig, Plate 5, Fig. 2 
 
Derivation of name: Named after Kim Grey who collected the Miria Formation from the 
Giralia Anticline KG-1 outcrop and studied the biostratigraphic and palaeoecological 
significance of the foraminifera. 
 
Diagnosis: Smooth, subrectangular Cytherella carapace, with parallel, slightly concave 
to straight, dorsal and ventral margins, an evenly rounded anterior margin, and an 
unevenly rounded posterior margin that has a very convex posteroventral margin and a 
more gently convex posterodorsal margin. The anterior margin has a rim of short radial 
undulations. In the females the posterodorsal and posteroventral brood cavities are 
expressed internally as two pits in the posterior of the valve, which externally produces a 
more inflated posterior. The males are more elongate with an almost straight 
posterodorsal margin. 
 
Holotype: An adult female right valve (MG0701) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
  
Paratypes: An adult female right valve (MG0702) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
     An adult male left valve (MG0704) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. Age: Late Maastrichtian). 
     An adult female left valve (MG0703) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 7 (Depth: 30-35cm. Age: Late Maastrichtian).      
 
Other material: The posterior part of a female right valve, a juvenile carapace, 14 
juvenile left valves (three damaged), the posterior part of a juvenile left valve, two 
juvenile left valve fragments, eight juvenile right valves (four damaged), the posterior 
part of a juvenile right valve and two juvenile right valve fragments from the KG-1 
outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult female right valve MG0701 Plate 3, Fig. 1 0.78 0.46 
Paratype, adult female right valve MG0702 Plate 3, Fig. 2 0.78 0.46 
Paratype, adult female left valve MG0703 Plate 3, Fig. 3 0.76 0.43 
Paratype, adult male left valve MG0704 Plate 3, Fig. 4 0.71 0.37 
 
Description: Smooth, subrectangular carapace, with parallel, slightly concave to straight, 
dorsal and ventral margins, an evenly rounded anterior margin, and an unevenly rounded 
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posterior margin that has a very convex posteroventral margin and a more gently convex 
posterodorsal margin. The anterior margin has a rim of short radial undulations. 
 
The line of greatest length passes through midpoint. The line of greatest height occurs in 
the area within the anterior to posterior cardinal angles of the dorsal margin. The 
greatest width occurs in the posterior third of the valve. 
 
In the females the posterodorsal and posteroventral brood cavities are expressed 
internally as two pits in the posterior of the valve. Although these brood cavities are not 
visible externally, they produce a more inflated posterior. The males are more elongate 
with an almost straight posterodorsal margin. 
 
The typical ‘feather-shaped’ cytherellid muscle scar pattern is not visible internally or 
externally, although the slightly elevated area where these muscles attach to the inner 
surface of the valves is visible. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the larger right valve. 
 
Remarks: Cytherella greyi is conspecific with the female Cytherella sp. Type B left 
valve illustrated in Plate 3, Figure 5 by Bate (1972) from the Santonian Toolonga 
Calcilutite of the Southern Carnarvon Basin. The size and shape of these two species is 
similar, and Bate (1972) also records the latter in the Campanian Korojon Calcarenite of 
the Southern Carnarvon Basin. 
 
Although Neale (1975) included the Cytherella sp. Type B of Bate (1972) in Cytherella 
jonesi Neale, 1975, the adults of the first are much smaller than and have a slightly 
different shape to those of the latter, so this synonymy is rejected here. 
 
Damotte (1992) records Cytherella cf. jonesi Neale, 1975 in the Campanian Upper 
Cretaceous Carbonates of ODP 762C and ODP 763B from the Exmouth Plateau. The 
Cytherella cf. jonesi Neale, 1975 illustrated by Damotte (1992) in Plate 1, Figure 2 
(incorrectly labeled Figure 3) is probably a juvenile right valve of a new species, similar 
to Cytherella jonesi Neale, 1975. The author has also retrieved this species from the 
Northern Carnarvon Basin. This consists of a male carapace, two male right valves, four 
juvenile carapaces, six juvenile right valves, six juvenile left valves and two juvenile left 
valve fragments in the Upper Coniacian to Lower Maastrichtian Upper Cretaceous 
Carbonates of Eendracht-1, two juvenile right valves and the posterior of a juvenile left 
valve in the Upper Santonian to Lower Campanian Upper Cretaceous Carbonates of 
Scarborough-1, and four juvenile carapaces and a juvenile left valve in the Santonian 
Upper Cretaceous Marls of Zeewulf-1. 
 
The Cytherella sp. 5051 illustrated in Plate 1, Figure 4 by Dingle (2009), from the 
uppermost Maastrichtian Whangai Formation at Pukehou on the North Island of New 
Zealand, is similar to Cytherella greyi, except that the first is more elongate. The 
Cytherella sp. 1 illustrated in Plate 1, Figures 1 and 2 by Fauth et al. (2003), from the 
Campanian Santa Marta Formation of the Antarctic Peninsula James Ross Basin, is also 
similar but more elongate. 
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Majoran and Widmark (1998) illustrate a Cytherella species in Figure 2.1 from the 
Maastrichtian of ODP 689B from Maud Rise in the Southern Ocean, 750km north of 
East Antarctica, which is similar to Cytherella greyi, except that the latter is smaller and 
has parallel dorsal and ventral margins. 
 
The Cytherella sp. of Eglington (2006) from the uppermost Paleocene/lowest Eocene to 
Lower Eocene Dilwyn Formation of the Otway Basin, Victoria is similar to Cytherella 
greyi, except that the posterior margin is more evenly, rather than unevenly, rounded. 
The same can be said for Cytherella paranitida Whatley & Downing, 1983 from the 
middle Eocene to Recent of New Zealand (Ayress, 1993a, b, 1995, 2006) and the middle 
Miocene Balcombian Clay, Miocene Fyansford Formation and Miocene Sherwood 
Formation of Victoria (Whatley & Downing, 1983; Warne, 1987, 1989). 
 
Stage and stratigraphic distribution: Santonian Toolonga Calcilutite, Campanian 
Korojon Calcarenite and Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin. 
 
Genus CYTHERELLOIDEA Alexander, 1929 
 
Type species: Cythere (Cytherella) williamsoniana Jones, 1849, p. 31,  
Plate 7, Figs. 26a-i 
 
Cytherelloidea labrumrugosum sp. nov. 
(Plate 3, Figs. 5-10) 
 
Derivation of name: Latin labrum - rim and Latin rugosus – wrinkled. A reference to the 
thick, wrinkled rim around the periphery of the valves. 
 
Diagnosis: Subrectangular Cytherelloidea with evenly rounded anterior margin, concave 
ventral margin, straight dorsal margin sloping towards the posterior and unevenly 
rounded posterior margin. A thick, wrinkled marginal rim is separated from the 
reticulate swelling of the valve interior by a deep marginal furrow. In the females two 
bulbous nodes disrupt the marginal rim and furrow in the posterior region. From the 
posterodorsal node a short lateral ridge extends forwards to the central muscle scar 
depression. From the posteroventral node a lateral ridge extends forwards to the anterior 
half of the valve. The muscle scar pattern is visible within the central muscle scar 
depression, which is joined to a dorsomedian depression. The anterior and anteroventral 
margins have a well-developed flange. 
 
Holotype: An adult female left valve (MG0801) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 10 (Depth: 45-50cm. Age: Late Maastrichtian). 
 
Paratype: An adult female right valve (MG0802) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 9 (Depth: 40-45cm. Age: Late Maastrichtian). 
  
Topotypes: A juvenile left valve (MG0803) and a juvenile right valve (MG0804) from 
the Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. 
Age: Late Maastrichtian). 
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        A juvenile right valve (MG0806) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. Age: Late Maastrichtian). 
       A juvenile left valve (MG0805) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
 
Other material: Two juvenile right valves (one damaged), a juvenile left valve and the 
anterior part of two left valves (one juvenile) from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult female left valve MG0801 Plate 3, Fig. 5 0.62 0.37 
Paratype, adult female right valve MG0802 Plate 3, Fig. 6 0.62 0.37 
Topotype, juvenile left valve MG0803 Plate 3, Fig. 7 0.47 0.28 
Topotype, juvenile right valve MG0804 Plate 3, Fig. 8 0.38 0.26 
Topotype, juvenile left valve MG0805 Plate 3, Fig. 9 0.46 0.28 
Topotype, juvenile right valve MG0806 Plate 3, Fig. 10 0.30 0.19 
 
Description: Carapace subrectangular, with evenly rounded anterior margin, concave 
ventral margin, straight dorsal margin sloping towards the posterior and unevenly 
rounded posterior margin. The dorsal third of the posterior margin gently declines 
towards a rounded point, whereas the ventral two-thirds steeply inclines towards the 
rounded point. Internally, the posterodorsal margin is gently convex whilst the 
posteroventral margin is very convex. 
 
The line of greatest length passes from the midpoint of the anterior margin to the 
rounded point of the posterior margin. The line of greatest height lies within the anterior 
half of the valve, and greatest width occurs in the posterior of the valve. 
 
A thick, wrinkled marginal rim is separated from the reticulate swelling of the valve 
interior by a deep marginal furrow. A dorsomedian depression disrupts the convex 
central valve swelling and joins a central muscle scar depression. In the females the 
posterodorsal and posteroventral brood cavities are expressed internally as two pits in 
the posterior of the valve and externally as two bulbous nodes, which disrupt the 
marginal rim and furrow. From the posterodorsal node a short lateral ridge extends 
forwards to the central muscle scar depression. From the posteroventral node a lateral 
ridge extends forwards to the anterior half of the valve. 
 
In the juveniles the reticulate swelling wraps around the dorsomedian and central muscle 
scar depressions and becomes more elevated externally, and deeper internally, as it 
moves from the anterior region to the posterior region. In this material there are no adult 
males available, but in Plate 3, Figure 7 a lateral ridge appears to be developing 
ventrally below the muscle scar depression of a juvenile. 
 
The typical ‘feather-shaped’ cytherellid muscle scar pattern, curved towards the anterior, 
is visible externally within the central muscle scar depression and internally upon a 
slightly elevated area. 
 
Both valves have well-developed selvages around the entire periphery, and externally of 
this, well-developed flanges anteriorly and anteroventrally. The selvage of the left valve 
fits into the contact groove of the right valve. 
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Remarks: Cytherelloidea labrumrugosum is similar to Cytherelloidea carnarvonensis 
Bate, 1972 from the Campanian Korojon Calcarenite of the Southern Carnarvon Basin 
(Bate, 1972). The author has also retrieved Cytherelloidea carnarvonensis Bate, 1972 
from the Northern Carnarvon Basin. This consists of a male and female carapace and 
two fragments (one juvenile) from the Upper Campanian to Lower Maastrichtian 
Korojon Calcarenite of Outtrim-1. Cytherelloidea labrumrugosum is smaller, has a 
reticulate rather than pitted ornament, more accentuated swelling, and in the females 
very bulbous nodes. 
 
Cytherelloidea cf. carnarvonensis Bate, 1972, where the entire valve is wrinkled in 
appearance, is recorded in the Upper Santonian to Lower Campanian Upper Cretaceous 
Carbonates of ODP 762C from the Exmouth Plateau and the Upper Santonian or Lower 
Campanian Upper Cretaceous Carbonates of ODP 761B from the Wombat Plateau 
(Damotte, 1992). The author has also retrieved from the Santonian to Campanian Upper 
Cretaceous Carbonates of Eendracht-1 a female right valve, a juvenile carapace, a 
juvenile right valve, three juvenile left valves and eight juvenile fragments, and from the 
Santonian to Lower Campanian Upper Cretaceous Marls of Zeewulf-1 two juvenile left 
valves. 
 
The Cytherelloidea marginopytta McKenzie et al., 1991 juvenile left valve illustrated in 
Figure 4A by Neil (1997), from the upper Paleocene Pebble Point Formation of the 
Otway Basin, Victoria, is very similar to Cytherelloidea labrumrugosum. Neil (1997) 
notes that compared with Cytherelloidea marginopytta McKenzie et al., 1991 this single 
specimen is “somewhat smaller, has a more marked marginal ridge and a slightly 
different pattern of pitting from those previously described” and consequently, despite it 
being “regarded as conspecific with” Cytherelloidea marginopytta McKenzie et al., 
1991 “because of its basic pattern of ornamentation”, it is more closely related to 
Cytherelloidea labrumrugosum. Cytherelloidea marginopytta McKenzie et al., 1991 
occurs in the upper Eocene Browns Creek Clays at Browns Creek and Castle Cove, 
Victoria (McKenzie et al., 1993), the upper Eocene Blanche Point Formation of the 
Willunga Embayment, South Australia (McKenzie, 1979), and the upper Oligocene 
Angahook Formation of Bells Headland, Victoria (McKenzie et al., 1991). Neil (1997) 
also reports collecting this species from the late Oligocene to late early Miocene 
elsewhere in Victoria. 
 
Cytherelloidea colemani Neale, 1975 from the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975) and Cytherelloidea cf. colemani Neale, 1975 from the Upper 
Campanian Upper Cretaceous Carbonates of ODP 763B from the Exmouth Plateau 
(Damotte, 1992) are similar to Cytherelloidea labrumrugosum, except that the latter has 
a less ridge-like anterodorsal swelling, a wrinkled marginal rim, a reticulate rather than 
finely pitted ornament and in the females very bulbous nodes. Neale (1975) suggests that 
the anterodorsal swelling is an austral development. Cytherelloidea agulhasensis Dingle, 
1971 from the Aptian to Albian Alphard Formation of the Agulhas Bank (Dingle, 1971, 
1984) has a similar ornamentation to Cytherelloidea colemani Neale, 1975, including 
the more ridge-like anterodorsal swelling. 
 
Cytherelloidea mtubaensis Dingle, 1984 from the Coniacian of Zululand, South Africa, 
(Dingle, 1984) resembles Cytherelloidea labrumrugosum, except that the latter has a 
continuous marginal rim and an anterodorsal swelling. 
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The male Cytherelloidea willetti Swanson, 1969 carapace illustrated in Figure 12.10 by 
Ayress (1995), from the upper Eocene Ashley Mudstone Formation of the South Island 
of New Zealand, has the two lateral ridges and anterodorsal swelling, like 
Cytherelloidea labrumrugosum, but has a pitted ornament like Cytherelloidea 
carnarvonensis Bate, 1972 and lacks the wrinkled marginal rim. The lateral ridges of 
Cytherelloidea willetti Swanson, 1969 are very thin and sharp, whilst those of 
Cytherelloidea labrumrugosum are thicker and in the females have very bulbous nodes, 
and Cytherelloidea willetti Swanson, 1969 has a sinuous, rather than straight, dorsal 
margin. Cytherelloidea willetti Swanson, 1969 also occurs in the late Oligocene to early 
Miocene of the South Island of New Zealand (Swanson, 1969; Ayress, 1993b, 2003, 
2006) and in the Recent shallow marine sediments of Stewart Island, south of the South 
Island of New Zealand (Swanson, 1979). The Keijcyoidea sp. of Malz (1981), from the 
middle to late Paleocene of the Emperor Seamounts in the northwest Pacific Ocean, and 
Keijcyoidea ubivis Malz & Jellinek, 1989 and Keijcyoidea scissa Malz & Jellinek, 1989, 
from Recent sediments of the Kenyan Barrier Reef (Jellinek, 1993), are similar to 
Cytherelloidea willetti Swanson, 1969, except that the entire surface of the valve is 
strongly reticulate. Titterton and Whatley (2006b) consider Keijcyoidea “a junior 
synonym of Cytherelloidea.”  
 
The Cytherelloidea sp. B of Ahmad et al. (1991), from the upper Eocene shallow marine 
sediments of Tanzania, the Keijcyoidea sp. A of Jellinek (1993), from Recent sediments 
of the Kenyan Barrier Reef, and Cytherelloidea dictyotos Titterton & Whatley, 2006, 
from Recent shallow marine sediments of the Solomon Islands in the southwest Pacific 
Ocean (Titterton & Whatley, 2006b), resemble the female specimens of Cytherelloidea 
carnarvonensis Bate, 1972 illustrated in Plate 2, Figures 7 and 8 of Bate (1972), except 
that they are more elongate and have a sinuous dorsal margin. 
  
Cytherelloidea ogasawaraensis Yamaguchi & Kamiya, 2009, from the Eocene Yusan 
Formation of the Bonin Islands in the northwest Pacific Ocean (Yamaguchi & Kamiya, 
2009), is similar to Cytherelloidea labrumrugosum, except that the shell surface of the 
first is smooth with more clearly defined, faintly reticulate, lateral ridges and an obvious 
anterior ridge that runs parallel with the anterior margin, and the latter has a wrinkled 
marginal rim and does not have a sinuous dorsal margin. The Cytherelloidea sp. 1 of 
Boomer and Whatley (1995) from the Paleocene bathyal sediments of ODP 865B on the 
Mid-Pacific Mountains, is very similar to Cytherelloidea ogasawaraensis Yamaguchi & 
Kamiya, 2009, except that the first is strongly reticulate. 
 
The Cytherella sp. 6 of Boomer and Whatley (1995), from the Eocene to lower 
Oligocene bathyal sediments of ODP 865B on the Mid-Pacific Mountains, is similar to 
Cytherelloidea labrumrugosum, except that the shell surface of the first is strongly 
reticulate, and the latter has a wrinkled marginal rim and in the females very bulbous 
nodes. The two lateral ridges and anterodorsal swelling indicate that the Cytherella sp. 6 
of Boomer and Whatley (1995) is a Cytherelloidea species. 
 
Cytherelloidea australomiocenica Whatley & Downing, 1983, from the middle Miocene 
Balcombian Clay and lower to middle Miocene Fyansford Formation of Victoria 
(Whatley & Downing, 1983; Warne, 1987, 1989), is very similar to Cytherelloidea 
labrumrugosum, except that the entire shell surface of the first is strongly reticulate. The 
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Cytherelloidea sp. A of Warne (1989), from the lower to middle Miocene Fyansford 
Formation and Sherwood Formation of Victoria, is also very similar to Cytherelloidea 
labrumrugosum, except that the first is more elongate, with stronger reticulation and an 
evenly rounded posterior margin. 
 
The Cytherelloidea sp. G of Whatley et al. (1995), from the Recent shallow marine 
sediments of Shoal Bay, Northern Territory, is very similar to Cytherelloidea 
labrumrugosum, except that the latter has a reticulate ornament rather than rounded 
fossae. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Cytherelloidea punctaspirata sp. nov. 
(Plate 4, Figs. 1-10 & Plate 6, Figs. 1 & 5-6) 
 
Derivation of name: Latin puncta - punctures and Latin spira – spiral. A reference to the 
puncta and spiral ridge. 
 
Diagnosis: Subelliptical Cytherelloidea with broadly rounded anterior and more 
narrowly rounded posterior margins, and a slightly concave ventral margin. The dorsal 
margin slopes towards the posterior, except in the females where the dorsal and ventral 
margins are parallel. A wrinkled spiral ridge extends from above the central valve 
depression, around the posterior, ventral and anterior margins, to the anterior cardinal 
angle of the left valve or along the dorsal margin to the posterior cardinal angle of the 
right valve. A gap anterior to the central depression separates the spiral ridge from a 
short crescentric ridge beneath the central depression. The valve surface within the 
wrinkled spiral ridge has an ornament of well-spaced, large, oval puncta or more closely 
spaced, fine puncta. Internally, two brood cavities are visible in the posterior of the 
female valves. The muscle scar pattern is visible internally upon a slightly elevated area. 
The line, which forms the branch from which the biserial array of muscle scars radiate, 
is visible externally in the centre of the central depression. 
 
Holotype: An adult female left valve (MG0901) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
 
Paratypes: An adult female right valve (MG0903) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
     A damaged adult female left valve – finely punctate variant (MG0911) from 
the Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 2 (Depth: 5-10cm. 
Age: Late Maastrichtian). 
      An adult male right valve (MG0904) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. Age: Late Maastrichtian). 
     An adult male left valve (MG0902) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
     An adult male right valve (MG0907) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 15 (Depth: 70-75cm. Age: Late Maastrichtian). 
     An adult female left valve (MG0905) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 17 (Depth: 80-85cm. Age: Late Maastrichtian). 
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     An adult female carapace (MG0909) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 18 (Depth: 85-90cm. Age: Late Maastrichtian). 
     An adult female left valve – finely punctate variant (MG0910) from the Miria 
Formation of the Giralia Anticline Exac-10 borehole (Depth: 97m. Age: Late 
Maastrichtian). 
  
Topotypes: A penultimate instar left valve – finely punctate variant (MG0912) from the 
Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: 
Late Maastrichtian). 
       A penultimate instar right valve (MG0906) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 4 (Depth: 15-20cm. Age: Late Maastrichtian). 
       A juvenile right valve – finely punctate variant (MG0913) from the Miria 
Formation of the Giralia Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. Age: Late 
Maastrichtian). 
       A juvenile carapace (MG0908) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 14 (Depth: 65-70cm. Age: Late Maastrichtian). 
 
Other material: Five female left valves (two damaged), the posterior part of three female 
left valves, the anterior part of a female left valve, a female left valve fragment, two 
damaged female right valves, the posterior part of a female right valve, the anterior part 
of a female right valve, two female right valve fragments, a damaged male left valve, the 
posterior of a male left valve, a male right valve, the posterior part of a male right valve, 
the anterior part of a male right valve, a male right valve fragment, 21 juvenile left 
valves (five damaged), the posterior part of five juvenile left valves, the anterior part of 
a juvenile left valve, four juvenile left valve fragments, eighteen juvenile right valves 
(seven damaged), the posterior part of two juvenile right valves, the anterior part of two 
juvenile right valves, two juvenile right valve fragments and the posterior part of a finely 
punctate juvenile carapace from the KG-1 outcrop. A female right valve, a female right 
valve fragment and a juvenile left valve from the UWA Cardabia stratigraphic hole. The 
posterior part of a finely punctate male right valve from the UWA Cardabia stratigraphic 
hole, and a damaged finely punctate juvenile right valve from the Exac-10 borehole. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult female left valve MG0901 Plate 4, Fig. 1 0.75 0.40 
Paratype, adult male left valve MG0902 Plate 4, Fig. 2 0.69 0.34 
Paratype, adult female right valve MG0903 Plate 4, Fig. 3 0.76 0.42 
Paratype, adult male right valve MG0904 Plate 4, Fig. 4 0.70 0.37 
Paratype, adult female left valve MG0905 Plate 4, Fig. 5 0.76 0.34 
Topotype, penultimate instar right valve MG0906 Plate 4, Fig. 6 0.62 0.35 
Paratype, adult male right valve MG0907 Plate 4, Fig. 7 0.68 0.34 
Topotype, juvenile carapace MG0908 Plate 4, Fig. 8 0.32 0.18 
Paratype, adult female carapace MG0909 Plate 4, Fig. 9 0.76 0.35 
Paratype, adult female left valve  
– finely punctate variant 
MG0910 Plate 4,  
Fig. 10 
0.67 0.37 
Paratype, damaged adult female left 
valve – finely punctate variant 
MG0911 Plate 6, Fig. 1 0.73 0.40 
Topotype, penultimate instar left valve 
– finely punctate variant 
MG0912 Plate 6, Fig. 5 0.61 0.35 
Topotype, juvenile right valve  
– finely punctate variant 
MG0913 Plate 6, Fig. 6 0.44 0.25 
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Description: Carapace subelliptical, with broadly rounded anterior and more narrowly 
rounded posterior margins, and a slightly concave ventral margin. Right valve with a 
slight concavity at the anterior cardinal angle and slightly convex dorsal margin. Left 
valve with a straight to slightly convex dorsal margin. The dorsal margin slopes towards 
the posterior, except in the females where the dorsal and ventral margins are parallel. 
 
The line of greatest length passes through midpoint. The line of greatest height lies 
within the anterior third of the valve, and greatest width occurs either at midpoint or in 
the posterior third of the valve. 
 
A wrinkled spiral ridge extends from above the central valve depression, around the 
posterior, ventral and anterior margins, to the anterior cardinal angle of the left valve or 
along the dorsal margin to the posterior cardinal angle of the right valve. A gap anterior 
to the central depression separates the spiral ridge from a short crescentric ridge beneath 
the central depression. The valve surface within the wrinkled spiral ridge has an 
ornament of well-spaced, large, oval puncta (Plate 4, Figures 1-4, 6 and 8-9), or more 
closely spaced, fine puncta (Plate 4, Figure 10 and Plate 6, Figures 1 & 5-6). This 
ornament is not reflected internally and the finely punctate variants appear to be 
restricted to the upper levels of the Miria Formation at the KG-1 outcrop, Exac-10 
borehole and the UWA Cardabia stratigraphic hole. 
 
In the females the posterodorsal and posteroventral brood cavities are expressed 
internally as two pits in the posterior of the valve. Although these brood cavities are not 
visible externally, they result in a broadening of the posterior part of the spiral ridge and 
expansion of the posterior region such that the dorsal and ventral margins become 
parallel. The males appear to be more elongate, with the posterior part of the spiral ridge 
not as elevated as that seen in the females and juveniles and extending right to the edge 
of the posterior margin. In the adult left valves the ventral part of the spiral ridge 
overhangs the slightly concave ventral margin. 
 
The typical ‘feather-shaped’ cytherellid muscle scar pattern, curved towards the anterior, 
is visible internally upon a slightly elevated area. The line, which forms the branch from 
which the biserial array of muscle scars radiate, is visible externally in the centre of the 
central depression. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the larger right valve. 
 
Remarks: The author has also retrieved the posterior part of a male Cytherelloidea 
punctaspirata right valve from the Lower Maastrichtian Korojon Calcarenite of the 
UWA Cardabia stratigraphic hole. 
 
Cytherelloidea punctaspirata is similar to Cytherelloidea westaustraliensis Bate, 1972 
from the Santonian Gingin Chalk of the Perth Basin (Neale, 1975), and the Santonian to 
Campanian Toolonga Calcilutite and the Campanian Korojon Calcarenite of the 
Southern Carnarvon Basin (Bate, 1972; Lynch, 1988). Cytherelloidea westaustraliensis 
Bate, 1972 is larger, has a more pointed posterior margin and an anterior margin with 
short radial undulations, whilst the rest of the valve is smooth with the exception of the 
weakly ornamented spiral ridge. In Cytherelloidea westaustraliensis Bate, 1972 only the 
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male right valve has a concave ventral margin and the female right valve dorsal margin 
is convex without the anterior cardinal angle concavity and the left valve dorsal margin 
is concave rather than straight to slightly convex. 
 
Cytherelloidea cf. westaustraliensis Bate, 1972, which is smaller like Cytherelloidea 
punctaspirata, is recorded in the uppermost Maastrichtian Upper Laidmore Formation at 
Mid-Waipara River Gorge on the South Island of New Zealand (Dingle, 2009). Majoran 
et al. (1997) illustrate a Cytherelloidea species in Figure 4K from the Late Maastrichtian 
of ODP 689B from Maud Rise in the Southern Ocean, 750km north of East Antarctica, 
that is similar in lateral outline to the New Zealand species illustrated by Dingle (2009, 
Plate 1, Figure 8), but which has wrinkled spiral and crescentric ridges and a faintly 
reticulate ornament. 
 
Cytherelloidea lunata Neale, 1975 from the Santonian Gingin Chalk of the Perth Basin 
(Neale, 1975) is similar to Cytherelloidea punctaspirata, except that the spiral ridge 
terminates where it started from and the dorsal part above the central valve depression 
has a lower elevation than the rest of the ridge. A gap anterior to the central depression 
still separates this ridge from a short crescentric ridge beneath the central depression. 
 
Majoran and Dingle (2002) illustrate a Cytherelloidea species in Figure 3.12 from the 
middle to late Eocene of ODP 689 from Maud Rise in the Southern Ocean, 750km north 
of East Antarctica, that is similar to Cytherelloidea punctaspirata, except that the spiral 
ridge terminates where it started from, and then another ridge extends downwards, from 
this termination point, and connects with the anterior of the short crescentric ridge 
beneath the central valve depression. The valve surface within and without this spiral 
ridge has a reticulate ornament of polygonal fossae, rather than puncta. 
 
Cytherelloidea onkareshwarensis Singh, 1997 has a similar shape to Cytherelloidea 
punctaspirata, with a spiral ridge extending from above a central valve depression, 
around the posterior, ventral and anterior margins, to the anterior cardinal angle, and a 
short, crescentric ridge beneath the central depression. However, the remainder of the 
valve is smooth. Cytherelloidea onkareshwarensis Singh, 1997 occurs in the 
Cenomanian Upper Member, Goru Formation, of the Jaisalmer Basin, northwest India 
(Singh, 1997). 
 
Cytherelloidea oertlii Singh, 1997 has a more rectangular lateral outline than 
Cytherelloidea punctaspirata, with parallel dorsal and ventral margins, and a thin spiral 
ridge that terminates where it started from, rather than at the anterior or posterior 
cardinal angle. A gap anterior to the central depression still separates this ridge from a 
short crescentric ridge beneath the central depression, but the surface ornament consists 
of medium subrounded to suboval reticulations. Cytherelloidea oertlii Singh, 1997 
occurs in the Late Aptian to Santonian of the Jaisalmer Basin, northwest India (Singh, 
1997; Andreu et al., 2007) and the latest Albian to Middle Turonian of Madagascar 
(Collignon et al., 1979; Babinot et al., 2009). 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
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Cytherelloidea fossaespirata sp. nov. 
(Plate 5, Figs. 1-10 & Plate 6, Figs. 2-4) 
 
Derivation of name: Latin fossae - pits and Latin spira – spiral. A reference to the 
rounded fossae and spiral ridge. 
 
Diagnosis: Subelliptical Cytherelloidea with broadly rounded anterior and posterior 
margins, and slightly concave ventral margin. The dorsal margin inclined gently towards 
the posterior, except in the adult and penultimate instar females where the dorsal and 
ventral margins are parallel. A thick, smooth to wrinkled, spiral ridge, which starts 
posterior of a central valve depression, extends around the central depression, then 
around the posterior, ventral and anterior margins, to the anterior cardinal angle of the 
valve. At mid-height and below, in the anterior of the right valve, the outer loop of the 
spiral becomes wider and usually merges with the inner loop of the spiral. The ventral 
part of the spiral ridge overhangs the slightly concave ventral margin. The valve surface 
within and without the thick spiral ridge has a reticulate ornament of rounded to 
polygonal fossae, or fine puncta, and a smooth oval patch at its centre. Sexually 
precocious, with males more elongate and females more rounded in lateral outline. 
Internally, two brood cavities are visible in the posterior of the adult and penultimate 
instar female valves.  
 
Holotype: An adult female carapace (MG1101) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 21 (Depth: 100-105cm. Age: Late Maastrichtian). 
  
Paratypes: An adult female right valve – finely punctate variant (MG1113) from the 
Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. 
Age: Late Maastrichtian). 
     An adult male right valve (MG1108) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 10 (Depth: 45-50cm. Age: Late Maastrichtian). 
     An adult female right valve (MG1107) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
      An adult male left valve posterior (MG1111) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 12 (Depth: 55-60cm. Age: Late Maastrichtian). 
     An adult female right valve (MG1103) and an adult female right valve 
posterior (MG1112) from the Miria Formation of the Giralia Anticline KG-1 outcrop, 
Sample 19 (Depth: 90-95cm. Age: Late Maastrichtian). 
     An adult male right valve (MG1104) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 28 (Depth: 135-140cm. Age: Late Maastrichtian). 
 
Topotypes: A juvenile female right valve (MG1109) and a juvenile male right valve 
(MG1110) from the Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 8 
(Depth: 35-40cm. Age: Late Maastrichtian). 
     A juvenile female left valve (MG1106) and a juvenile male left valve 
(MG1102) from the Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 11 
(Depth: 50-55cm. Age: Late Maastrichtian). 
     A penultimate instar female left valve (MG1105) from the Miria Formation of 
the Giralia Anticline KG-1 outcrop, Sample 20 (Depth: 95-100cm. Age: Late 
Maastrichtian). 
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Other material: Twelve female right valves (seven damaged), the posterior part of four 
female right valves, six female right valve fragments, eleven female left valves (five 
damaged), the posterior part of three female left valves, a female left valve fragment, the 
posterior part of a male right valve, the posterior part of two male left valves, 45 juvenile 
right valves (21 damaged), the anterior part of three juvenile right valves, the posterior 
part of a juvenile right valve, eleven juvenile right valve fragments, 51 juvenile left 
valves (23 damaged), the anterior part of four juvenile left valves, the posterior part of 
four juvenile left valves, seven juvenile left valve fragments and two juvenile carapaces 
(one damaged) from the KG-1 outcrop. Two female right valves (one damaged), two 
juvenile female left valves, a juvenile female right valve and a juvenile male right valve 
from the Exac-10 borehole. Two female left valves (one damaged), two damaged 
juvenile female left valves (one penultimate instar), a juvenile male left valve, a juvenile 
male right valve and two left valve fragments (one juvenile) from the UWA Cardabia 
stratigraphic hole. 
 
Dimensions   Length 
(mm) 
Height 
(mm) 
Holotype, adult female carapace MG1101 Plate 5, Fig. 1 0.79 0.48 
Topotype, juvenile male left valve MG1102 Plate 5, Fig. 2 0.53 0.28 
Paratype, adult female right valve MG1103 Plate 5, Fig. 3 0.78 0.46 
Paratype, adult male right valve MG1104 Plate 5, Fig. 4 0.72 0.41 
Topotype, penultimate instar female left valve MG1105 Plate 5, Fig. 5 0.68 0.39 
Topotype, juvenile female left valve MG1106 Plate 5, Fig. 6 0.53 0.30 
Paratype, adult female right valve MG1107 Plate 5, Fig. 7 0.74 0.47 
Paratype, adult male right valve MG1108 Plate 5, Fig. 8 0.71 0.41 
Topotype, juvenile female right valve MG1109 Plate 5, Fig. 9 0.52 0.33 
Topotype, juvenile male right valve MG1110 Plate 5, Fig. 10 0.57 0.31 
Paratype, adult male left valve posterior MG1111 Plate 6, Fig. 2   
Paratype, adult female right valve  
– finely punctate variant 
MG1113 Plate 6, Fig. 3 0.77 0.46 
Paratype, adult female right valve posterior MG1112 Plate 6, Fig. 4  0.51 
 
Description: Subelliptical carapace, with broadly rounded anterior and posterior margins 
and a slightly concave ventral margin. Left valve with a convex dorsal margin, often 
situated behind a slight concavity at the anterior cardinal angle. Right valve with a 
straight to slightly convex dorsal margin. The dorsal margin inclined gently towards the 
posterior, except in the adult and penultimate instar females where the dorsal and ventral 
margins are parallel. 
 
The line of greatest length passes through midpoint. The line of greatest height lies 
within the anterior third of the valve or just posterior of the central valve depression. The 
greatest width occurs below midpoint in the males and in the more elevated 
posteroventral region of the females. 
 
A thick, smooth to wrinkled, spiral ridge, which starts posterior of a central valve 
depression, extends around the central depression, then around the posterior, ventral and 
anterior margins, to the anterior cardinal angle of the valve. At mid-height and below, in 
the anterior of the right valve, the outer loop of the spiral becomes wider and usually 
merges with the inner loop of the spiral. The ventral part of the spiral ridge overhangs 
the slightly concave ventral margin. The valve surface within and without the thick 
spiral ridge has a reticulate ornament of rounded to polygonal fossae (Plate 5, Figures 1-
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4, 6 and 9-10 and Plate 6, Figure 2), or fine puncta (Plate 6, Figure 3), and a smooth oval 
patch at its centre. This ornament is not reflected internally and the finely punctate 
variant appears to be restricted to the upper levels of the Miria Formation at the KG-1 
outcrop. 
 
There is evidence of precocious sexual dimorphism, with the juvenile males more 
elongate (Plate 5, Figures 2 and 10) and the juvenile females more rounded (Plate 5, 
Figures 6 and 9) in lateral outline. 
 
In the adult females the posterodorsal and posteroventral brood cavities are expressed 
internally as two pits in the posterior of the valve (Plate 5, Figure 7 and Plate 6, Figure 
4). The two brood cavities are also visible in the penultimate instar females (Plate 5, 
Figure 5). Although these brood cavities are not visible externally, they result in an 
elevation of the posterior part of the outer loop of the spiral and expansion of the 
posterior region such that the dorsal and ventral margins become parallel. 
 
The typical ‘feather-shaped’ cytherellid muscle scar pattern is not visible internally or 
externally. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the slightly larger right valve. 
 
Remarks: The author has also retrieved Cytherelloidea fossaespirata from the Lower 
Maastrichtian Korojon Calcarenite of the UWA Cardabia stratigraphic hole. This 
consists of a juvenile female carapace, a juvenile male right valve and the anterior part 
of two right valves. 
 
The centrally smooth and marginally reticulate Cytherelloidea sp. 1, from the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, is probably a smooth 
variant of Cytherelloidea fossaespirata. 
 
Cytherelloidea megaspirocostata Majoran & Widmark, 1998 also has a smooth to 
wrinkled, spiral ridge, but the ridge is thinner, and the valve surface is smooth with no 
central valve depression. Cytherelloidea megaspirocostata Majoran & Widmark, 1998 
occurs in the Santonian to Campanian Toolonga Calcilutite of the Southern Carnarvon 
Basin (Bate, 1972, Plate 1, Fig. 6, paratype Io.4436), the Campanian Santa Marta 
Formation of the Antarctic Peninsula James Ross Basin (Fauth et al., 2003; Dingle, 
2009), and the Late Campanian to Maastrichtian of ODP 689B from Maud Rise in the 
Southern Ocean, 750km north of East Antarctica (Majoran & Widmark, 1998). The 
author has also retrieved Cytherelloidea megaspirocostata Majoran & Widmark, 1998 
from the Northern Carnarvon Basin. This consists of a juvenile carapace from the Upper 
Campanian to Lower Maastrichtian Korojon Calcarenite of Outtrim-1, the posterior of a 
female right valve, with two brood cavities visible in the interior which elevate and 
broaden the posterior part of the spiral ridge on the exterior, from the Upper Santonian 
to Lower Campanian Upper Cretaceous Carbonates of Scarborough-1, and a female 
right valve from the Lower Campanian Upper Cretaceous Marls of Zeewulf-1. Dingle 
(2009) believes that the specimens from the Campanian Santa Marta Formation of the 
Antarctic Peninsula James Ross Basin (Fauth et al., 2003; Dingle, 2009) are conspecific 
with Cytherelloidea spirocostata Bertels, 1973 from the Danian of the Argentinean 
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Neuquén Basin (Bertels, 1973; Bertels-Psotka, 1995). However, as noted by Majoran 
and Widmark (1998), although the two species are very similar, Cytherelloidea 
megaspirocostata Majoran & Widmark, 1998 has a wider anteromarginal area distal to 
the ridge and does not have a dorsoventrally elongate central valve depression. In fact, 
Cytherelloidea spirocostata Bertels, 1973 (Bertels-Psotka, 1995, Plate 1, Figure 8) 
appears to be similar to Cytherelloidea westaustraliensis Bate, 1972 (Bate, 1972, Plate 
1, Figure 2), only the inner loop of the spiral ridge is disrupted in the anterior of the 
latter, so that a short crescentric ridge forms beneath the central valve depression. 
 
The Cytherelloidea sp. illustrated by Bergue and Govindan (2010), from the upper 
Eocene bathyal sediments of ODP 744A on the Kerguelen Plateau in the southern Indian 
Ocean, also has a smooth to wrinkled, spiral ridge, but the ridge beneath the central 
valve depression is straight rather than curved. However, like Cytherelloidea 
megaspirocostata Majoran & Widmark, 1998, the ridge is thinner and the valve surface 
is smooth, and like Cytherelloidea praeauricula (Chapman, 1926), there is a short ridge, 
at mid-height, which joins the inner and outer loops in the anterior region. 
 
Cytherelloidea mairae Ramsay, 1968 from the Campanian of Tanzania (Ramsay, 1968) 
is similar to Cytherelloidea fossaespirata, except that the spiral ridge wrapped around 
the central valve depression is broader and covers most of the valve surface, the dorsal 
margin of the left valve is straight, and the posterior margin of the left valve is slightly 
obliquely rounded. 
 
The female left valve and male carapace of Cytherelloidea praeauricula (Chapman, 
1926) illustrated by Ayress (1995), from the upper Eocene Ashley Mudstone Formation 
of the South Island of New Zealand, has a reticulate ornament and a thick, spiral ridge. It 
is similar to Cytherelloidea fossaespirata, except that the spiral ridge starts directly 
above the central valve depression, rather than posterior of the central depression, and as 
a consequence completely encloses the central depression. Also, there is a short ridge, at 
mid-height, which joins the inner and outer loops in the anterior region. Cytherelloidea 
praeauricula (Chapman, 1926) is also recorded in the lower Eocene Dilwyn Formation 
of the Otway Basin, Victoria (Eglington, 2006) and the late Oligocene to early Miocene 
of the South Island of New Zealand (Swanson, 1969; Ayress, 1993b, 2003, 2006). 
 
The author has also retrieved a juvenile Cytherelloidea carapace, from the Upper 
Campanian Upper Cretaceous Carbonates of Zeewulf-1 from the Northern Carnarvon 
Basin, with a completely enclosed central valve depression and underneath this a 
crescentric ridge, which is reminiscent of Cytherelloidea praeauricula (Chapman, 
1926), except that the outer loop starts in the posteroventral region, then extends 
upwards into the anterodorsal region. 
 
Another variation of the spiral ridge pattern can be seen in Cytherelloidea jugifera 
McKenzie et al., 1991, where the central valve depression is completely enclosed, like 
in Cytherelloidea praeauricula (Chapman, 1926), but in the posterodorsal region the 
connection to the outer loop is disrupted. Cytherelloidea jugifera McKenzie et al., 1991 
occurs in the uppermost Paleocene/lowest Eocene to lower Eocene Dilwyn Formation of 
the Otway Basin, Victoria (Eglington, 2006), the middle (?) Eocene Browns Creek 
Clays at Browns Creek, Victoria (McKenzie et al., 1993) and the upper Eocene Blanche 
Point Formation of the Willunga Embayment, South Australia (McKenzie et al., 1991; 
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Majoran, 1996a). Cytherelloidea  cf. intermedia (Chapman et al., 1928), from the upper 
Oligocene Angahook Formation of Bells Headland, Victoria (McKenzie et al., 1991), 
has a similar spiral pattern to Cytherelloidea jugifera McKenzie et al., 1991. 
 
The Cytherelloidea senkakuensis (Nohara, 1976) illustrated by Tanaka (2008), from 
Recent shallow marine sediments of the East China Sea and Tsushima Strait, and the 
Cytherelloidea asatoensis illustrated by Tanaka and Nomura (2009), from the late 
Miocene and middle Pliocene of Kume-Jima in the East China Sea, are similar to 
Cytherelloidea fossaespirata, except that like Cytherelloidea praeauricula (Chapman, 
1926), the central valve depression is completely enclosed and there is a short ridge, at 
mid-height, which joins the inner and outer loops in the anterior region, and in addition 
there is a similar ridge in the posterior region. 
 
Cytherelloidea makatiniensis Dingle, 1984, from the Aptian to Albian Makatini to 
Mzinene Formations of Zululand, South Africa (Dingle, 1984), has a broad, flattened, 
spiral ridge, but the valve is smooth, there is no central valve depression, the ventral part 
of the inner loop is centrally located and straight, rather than crescentric, and the ventral 
part of the outer loop does not overhang the ventral margin but is located midway 
between the ventral part of the inner loop and the ventral margin. 
 
Cytherelloidea thuatiensis (Jain, 1961), from the Coniacian Coralline Limestone of the 
Narmada Valley, west India (Jain, 1975b), has a spiral ridge but it is thin rather than 
thick, angular rather than rounded in the posterodorsal and posteroventral regions, and 
ends just below rather than at the anterior cardinal angle. The ventral part of the outer 
loop does not overhang the ventral margin, and the dorsal part of the outer loop is 
straight in Cytherelloidea thuatiensis (Jain, 1961) and slopes upwards to the 
posterodorsal region, whereas in Cytherelloidea fossaespirata it is convex. Other 
differences are that the valves of Cytherelloidea thuatiensis (Jain, 1961) have a more 
rectangular lateral outline, are laterally compressed and smooth, apart from wrinkling in 
the area between the outer loop and the anterior and ventral margins, with no central 
valve depression. 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Cytherelloidea sp. 1 
(Plate 7, Figs. 1-2) 
 
Material: A female right valve and a female left valve. 
 
Dimensions  Length (mm) Height (mm) 
Adult female right valve Plate 7, Fig. 1 0.85 0.50 
Adult female left valve Plate 7, Fig. 2 0.79 0.44 
 
Short description and remarks: The distinctly swollen posterior of these two valves 
indicates that they are females, despite the posterodorsal and posteroventral brood 
cavities being obscured internally by debris. Their strong resemblance to Cytherelloidea 
fossaespirata, from the Lower Maastrichtian Korojon Calcarenite and the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, indicates that they are 
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probably a smooth variant of this species. The main difference is their lack of 
fossae/puncta. Their valve surface is smooth except for the reticulate area between the 
reticulate marginal ridge and the posterior, ventral and dorsal margins, and an anterior 
margin with short radial undulations. The left valve has a well-developed flange 
anteriorly and anteroventrally. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Cytherelloidea giraliaensis sp. nov. 
(Plate 6, Figs. 7-8 & Plate 7, Figs. 3-6) 
 
Derivation of name: With reference to the Giralia Anticline. 
 
Diagnosis: Subrectangular, laterally compressed, elongate Cytherelloidea, with broadly 
rounded anterior margin and slightly narrower, bluntly rounded, posterior margin. The 
ventral margin is concave. Left valve with a slightly convex dorsal margin situated 
behind a slight concavity at the anterior cardinal angle. Right valve with an almost 
straight dorsal margin. The dorsal margin inclined gently towards the posterior. A  
hook-like ridge extends from above the broad, shallow central valve depression to the 
posteroventral corner. An elongate, crescentric, lateral ridge occurs beneath the central 
valve depression. Beneath this lies another crescentric ridge, which starts in the 
posteroventral region and curves upwards to run parallel with part of the anterior 
margin. The right valve has an anterior and dorsal marginal rim, and the left valve has an 
anterior marginal rim. The surface of the ridges and margins are faintly to strongly 
reticulate, with radial undulations on the anterior margin, but the remainder of the valve 
surface is smooth. Typical ‘feather-shaped’ cytherellid muscle scar pattern. The brood 
cavities of the female elevate the ridge in the posterior region, above and beyond the 
posterior margin. The males are not as inflated as the females. 
 
Holotype: An adult female right valve (MG1501) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 15 (Depth: 70-75cm. Age: Late Maastrichtian). 
 
Paratypes: An adult male right valve (MG1503) from the Miria Formation of the Giralia 
Anticline Exac-10 borehole (Depth: 98m. Age: Late Maastrichtian). 
     An adult male left valve (MG1502) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
 
Topotypes: A penultimate instar left valve (MG1504) and a penultimate instar right 
valve (MG1505) from the Miria Formation of the Giralia Anticline KG-1 outcrop, 
Sample 21 (Depth: 100-105cm. Age: Late Maastrichtian). 
 
Other material: A damaged juvenile right valve, a damaged juvenile left valve, the 
anterior part of two juvenile left valves and a fragment of a juvenile left valve posterior 
from the KG-1 outcrop. 
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Dimensions   Length 
(mm) 
Height 
(mm) 
Holotype, adult female right valve MG1501 Plate 6, Fig. 7 0.83 0.46 
Topotype, penultimate instar left valve MG1504 Plate 6, Fig. 8 0.80 0.41 
Paratype, adult male right valve MG1503 Plate 7, Fig. 3 0.85 0.47 
Paratype, adult male left valve MG1502 Plate 7, Figs. 4 & 6 0.82 0.46 
Topotype, penultimate instar right valve MG1505 Plate 7, Fig. 5 0.79 0.42 
 
Description: Subrectangular, laterally compressed, elongate carapace, with broadly 
rounded anterior margin and slightly narrower, bluntly rounded, posterior margin. The 
ventral margin is concave. Left valve with a slightly convex dorsal margin situated 
behind a slight concavity at the anterior cardinal angle. Right valve with an almost 
straight dorsal margin. The dorsal margin inclined gently towards the posterior. 
 
The line of greatest length passes through midpoint and the line of greatest height lies 
within the anterior third of the valve. The greatest width occurs just beneath the broad, 
shallow central valve depression. 
 
A hook-like ridge extends from above the broad, shallow central valve depression to the 
posteroventral corner. An elongate, crescentric, lateral ridge occurs beneath the central 
valve depression. Beneath this lies another crescentric ridge, which starts in the 
posteroventral region and curves upwards to run parallel with part of the anterior 
margin. The right valve has an anterior and dorsal marginal rim, and the left valve has an 
anterior marginal rim. The surface of the ridges and margins are faintly to strongly 
reticulate, with radial undulations on the anterior margin, but the remainder of the valve 
surface is smooth. This ornament is not reflected internally. 
 
In the females the posterodorsal and posteroventral brood cavities are expressed 
internally as two weakly developed pits in the posterior of the valve. These brood 
cavities are visible externally as an elevation of the ridge in the posterior region, above 
and beyond the posterior margin. The males are not as inflated as the females. 
 
Under the light microscope, the typical ‘feather-shaped’ cytherellid muscle scar pattern, 
curved towards the anterior, is visible within the central valve depression. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the larger right valve. 
 
Remarks: The author also retrieved the anterior part of a juvenile Cytherelloidea 
giraliaensis left valve from the Lower Maastrichtian Korojon Calcarenite of the UWA 
Cardabia stratigraphic hole. 
 
Cytherelloidea costainterrupta, which occurs in the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin, is very similar to Cytherelloidea 
giraliaensis, except in the first, a more elevated, crescentric ridge wraps around three 
sides of the central valve depression, and in the latter, which is more elongate and 
rectangular in outline, the posterior crescentric ridge extends from above the central 
valve depression. 
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The Cytherella aff. bellsi McKenzie et al., 1991, illustrated in Plate 1, Figure 3 by 
McKenzie et al. (1993), from the middle (?) Eocene Browns Creek Clays at Browns 
Creek, Victoria, is similar to Cytherelloidea giraliaensis, except that the interior of the 
valve of the first is inflated such that only the curved reticulate ridge above the posterior 
margin and the anterior margin with short radial undulations remain. The Cytherella sp. 
A illustrated in Plate 1, Figure 7 by Boomer (1999), from the Upper Maastrichtian 
bathyal sediments of DSDP 463 on the Mid-Pacific Mountains, is very similar to, if not 
conspecific with, Cytherella aff. bellsi McKenzie et al., 1991. Also, Cytherella 
postagrena Boomer, 1999, from the bathyal sediments of the Mid-Pacific Mountains in 
the Late Maastrichtian of DSDP 463 Boomer (1999) and the Paleocene of ODP 865B 
(Boomer & Whatley, 1995), is very similar to the Cytherella sp. A of Boomer (1999), 
except that it has a reticulate posterior, a feature that is also evident in Cytherelloidea 
giraliaensis. More strongly ornamented forms similar to the Cytherella sp. A of Boomer 
(1999) also exist in the Paleocene to Pliocene bathyal sediments of DSDP 463 (Boomer, 
1999) and the middle Eocene to lower Miocene bathyal sediments of ODP 865B 
(Boomer & Whatley, 1995). 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Cytherelloidea costainterrupta sp. nov. 
(Plate 7, Figs. 7-10) 
 
Derivation of name: Latin costa – rib and Latin interruptum – to break up. A reference 
to the posteroventral break between the two outer ridges of the valves. 
 
Diagnosis: Subelliptical Cytherelloidea with concave ventral margin, broadly rounded 
anterior margin and more narrowly rounded posterior margin. The slightly convex dorsal 
margin is gently inclined towards the posterior. The left valve has a slight concavity at 
the anterior cardinal angle. A crescentric ridge wraps around the central valve 
depression on three sides, with the anterior end remaining open. The posteroventral part 
of this ridge forms the highest elevation of the valves. Beneath this, at a lower elevation, 
is another wrinkled crescentric ridge that starts in the anteroventral region and ends in 
the posteroventral region. A third crescentric ridge occurs just above the posterior 
margin. The right valve has an anterior and dorsal marginal rim, and the left valve has an 
anterior marginal rim. The valve surface is finely punctate with faint reticulations on the 
margins and ridges. Typical ‘feather-shaped’ cytherellid muscle scar pattern. 
 
Holotype: An adult right valve (MG1601) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
  
Paratypes: An adult right valve (MG1602) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 10 (Depth: 45-50cm. Age: Late Maastrichtian). 
     An adult left valve posterior (MG1603) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 20 (Depth: 95-100cm. Age: Late 
Maastrichtian). 
 
Other material: Two damaged adult right valves, three juvenile right valves (one 
damaged), the posterior part of two juvenile right valves, two juvenile left valves (one 
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damaged), the posterior part of two juvenile left valves and the anterior part of a juvenile 
left valve from the KG-1 outcrop. The posterior part of an adult left valve from the 
UWA Cardabia stratigraphic hole. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult right valve MG1601 Plate 7, Fig. 7 0.78 0.44 
Paratype, adult right valve MG1602 Plate 7, Figs. 8 & 10 0.77 0.44 
Paratype, adult left valve posterior MG1603 Plate 7, Fig. 9   
 
Description: Subelliptical carapace, with concave ventral margin, broadly rounded 
anterior margin, and more narrowly rounded posterior margin. The slightly convex 
dorsal margin is gently inclined towards the posterior. 
 
The line of greatest length passes through midpoint and the line of greatest height lies 
within the anterior third of the valve. The greatest width occurs just posteroventrally of 
the central valve depression. 
 
A crescentric ridge wraps around the central valve depression on three sides, with the 
anterior end remaining open. The posteroventral part of this ridge forms the highest 
elevation of the valves. Beneath this, at a lower elevation, is another wrinkled 
crescentric ridge that starts in the anteroventral region and ends in the posteroventral 
region. A third crescentric ridge occurs just above the posterior margin. The right valve 
has an anterior and dorsal marginal rim, and the left valve has an anterior marginal rim. 
The valve surface is finely punctate with faint reticulations on the margins and ridges. 
This ornament is not reflected internally. 
 
No evidence of sexual dimorphism was observed. 
 
Under the light microscope, the typical ‘feather-shaped’ cytherellid muscle scar pattern, 
curved towards the anterior, is visible within the central valve depression of the juvenile 
right valve posterior of Sample 8 from the Miria Formation of the Giralia Anticline KG-
1 outcrop. 
 
Both valves have well-developed selvages around the entire periphery. The selvage of 
the left valve fits into the contact groove of the right valve. The internal view of the right 
valve illustrated in Plate 7, Figure 10 indicates that the left valve has a slight concavity 
at the anterior cardinal angle. 
 
Remarks: The male right valve (paratype Io.4398) of Cytherelloidea westaustraliensis 
Bate, 1972 illustrated in Plate 1, Figure 4 (Bate, 1972) is similar to Cytherelloidea 
costainterrupta, except that it is much larger. The gap between the two outer ridges 
indicates that this male right valve, from the Campanian Toolonga Calcilutite of the 
Southern Carnarvon Basin, does not belong to Cytherelloidea westaustraliensis Bate, 
1972. 
 
Cytherelloidea giraliaensis, which occurs in the Lower Maastrichtian Korojon 
Calcarenite and the Upper Maastrichtian Miria Formation of the Southern Carnarvon 
Basin, is similar to Cytherelloidea costainterrupta, except that the first is more elongate 
and rectangular in outline, with a posterior crescentric ridge extending from above the 
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central valve depression, whereas Cytherelloidea costainterrupta has a more elevated, 
crescentric ridge wrapping around three sides of the central valve depression. 
 
Cytherelloidea hrycga McKenzie et al., 1993, from the upper Eocene Browns Creek 
Clays at Browns Creek and Castle Cove, Victoria (McKenzie et al., 1993), is similar to 
Cytherelloidea costainterrupta, except that where Cytherelloidea hrycga McKenzie et 
al., 1993 has a prominent marginal ridge and around the central valve depression a 
swelling, Cytherelloidea costainterrupta has a break between two marginal ridges in the 
posteroventral region and another crescentric ridge wrapping around three sides of the 
central valve depression. 
 
The Cytherelloidea hrycga? McKenzie et al., 1993, juvenile left valve illustrated in 
Figure 3D by Eglington (2006), from the uppermost Paleocene/lowest Eocene Dilwyn 
Formation of the Otway Basin, Victoria, is similar to Cytherelloidea costainterrupta, 
except that in the latter, the juveniles are more elongate and have a more evenly rounded 
posterior margin. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Cytherelloidea cobberi Bate, 1972 
(Plate 8, Figs. 1-5) 
 
1972 Cytherelloidea cobberi Bate, p. 9, Plate 1, Figs. 7-8;  
text-figs. 3E, 3I & 4A-C 
1991 Cytherelloidea cobberi Bate, 1972; Neale in Haig, Plate 5, Fig. 11 
 
Material: Three damaged adult left valves, the posterior part of two adult left valves, 
three adult left valve fragments, two adult right valves, a damaged adult right valve, the 
posterior part of four adult right valves, seven adult right valve fragments, four juvenile 
carapaces, 36 juvenile left valves (nine damaged), the anterior of a juvenile left valve, 
the posterior part of 19 juvenile left valves, seven juvenile left valve fragments, a 
juvenile left valve fragment, 37 juvenile right valves (12 damaged), the posterior part of 
seven juvenile right valves and ten juvenile right valve fragments from the KG-1 
outcrop. A juvenile carapace, a juvenile right valve and a juvenile left valve from the 
Exac-10 borehole. Three right valve fragments (one juvenile) and a juvenile carapace 
from the UWA Cardabia stratigraphic hole. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 8, Figs. 1 & 5 0.71 0.44 
Penultimate instar carapace Plate 8, Fig. 2 0.66 0.43 
Adult right valve Plate 8, Fig. 3 0.69 0.43 
Penultimate instar left valve Plate 8, Fig. 4 0.67 0.41 
 
Remarks: Bate (1972) noted that Cytherelloidea cobberi Bate, 1972 was originally 
thought to be conspecific with Cytherelloidea westaustraliensis Bate, 1972. He recorded 
both of these species in the Santonian to Campanian Toolonga Calcilutite and the 
Campanian Korojon Calcarenite of the Southern Carnarvon Basin. In the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, only Cytherelloidea 
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cobberi Bate, 1972 is present. However, they are slightly smaller in size, and there 
appears to be only subtle evidence of sexual dimorphism, with the males (Plate 8, Figure 
1) more elongate and not as high as the females (Plate 8, Figure 3). Bate (1972) did not 
observe any signs of sexual dimorphism. 
 
The author has also retrieved a juvenile Cytherelloidea carapace, from the Upper 
Campanian Upper Cretaceous Carbonates of Zeewulf-1 from the Northern Carnarvon 
Basin, with a completely enclosed central valve depression and underneath this a 
crescentric ridge, which is reminiscent of Cytherelloidea praeauricula (Chapman, 1926) 
from the lower Eocene Dilwyn Formation of the Otway Basin, Victoria (Eglington, 
2006) and the late Eocene and late Oligocene to early Miocene of the South Island of 
New Zealand (Swanson, 1969; Ayress, 1993b, 1995, 2003, 2006), except that the outer 
loop starts in the posteroventral region and extends upwards into the anterodorsal region. 
If a gap formed in the anterior of the yolk-like medial ridge which surrounds the central 
valve depression and the marginal ridge was restricted to the ventral margin only, then 
the two crescentric ridges remaining would be like that of Cytherelloidea cobberi Bate, 
1972. 
 
Even more striking, is the similarity between the left valves of Cytherelloidea cobberi 
Bate, 1972 and Cytherelloidea jugifera McKenzie et al., 1991 from the uppermost 
Paleocene/lowest Eocene to lower Eocene Dilwyn Formation of the Otway Basin, 
Victoria (Eglington, 2006), the middle (?) Eocene Browns Creek Clays at Browns 
Creek, Victoria (McKenzie et al., 1993) and the upper Eocene Blanche Point Formation 
of the Willunga Embayment, South Australia (McKenzie et al., 1991; Majoran, 1996a). 
 
Singh (1997) noted that Cytherelloidea monomediocostata Singh, 1997, from the 
Turonian Parh Formation of the Jaisalmer Basin, northwest India, has a similar outline 
to Cytherelloidea cobberi Bate, 1972 but only has a single median costa. 
 
The Cytherelloidea sp. A of Whatley et al. (1995), from the Recent shallow marine 
sediments of Shoal Bay, Northern Territory, is very similar to the penultimate instar 
Cytherelloidea cobberi Bate, 1972 illustrated in Plate 8, Figure 2, and Whatley et al. 
(1995) note that although Cytherelloidea sp. A resembles a juvenile externally, “the 
species has mature internal characters.” 
 
Stage and stratigraphic distribution: Santonian to Campanian Toolonga Calcilutite, 
Campanian to Lower Maastrichtian Korojon Calcarenite and Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin. 
 
Cytherelloidea sp. 2 
(Plate 8, Figs. 6-10) 
 
Material: A damaged adult left valve, three juvenile left valves (one damaged), the 
posterior part of a juvenile left valve, the anterior part of a juvenile left valve, a juvenile 
left valve fragment, six juvenile right valves (one damaged), the anterior part of a 
juvenile right valve and four juvenile right valve fragments from the KG-1 outcrop. Two 
juvenile left valve fragments and a juvenile right valve fragment from the UWA 
Cardabia stratigraphic hole. 
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Dimensions  Length (mm) Height (mm) 
Damaged adult left valve Plate 8, Fig. 6  0.52 
Penultimate instar right valve Plate 8, Fig. 7 & 10 0.73 0.45 
Juvenile left valve Plate 8, Fig. 8 0.62 0.36 
Damaged juvenile left valve Plate 8, Fig. 9 0.58 0.32 
 
Short description and remarks: Cytherelloidea sp. 2 is very similar to Cytherelloidea 
cobberi Bate, 1972 from the Santonian to Late Maastrichtian of the Southern Carnarvon 
Basin. However, it is more angular with a distinctly wrinkled alate structure that has a 
sharper edge and much greater posteroventral projection, and the crescentric ridge 
closest to the central valve depression only lies beneath the central depression and does 
not enclose it on three sides. It also has a well-developed flange, anteriorly and 
anteroventrally, on the left valve. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus PLATELLA Coryell & Fields, 1937 
 
Type species: Platella gatunensis Coryell & Fields, 1937, p. 3, Figs. 2a-b 
 
Platella sp. 
(Plate 9, Figs. 1-5) 
 
1972 Platella sp., Bate, p. 14, Plate 2, Figs. 1-2 
1991 Platella sp., Bate, 1972; Neale in Haig, Plate 8, Fig. 16 
  
Material: Two damaged female right valves, a damaged male right valve, two damaged 
male left valves, four damaged juvenile left valves, ten juvenile right valves (two 
damaged) and the posterior part of two juvenile right valves from the KG-1 outcrop.  
 
 
Dimensions  Length (mm) Height (mm) 
Damaged adult female right valve Plate 9, Fig. 1 0.58 0.30 
Damaged adult male left valve Plate 9, Fig. 2 0.55 0.27 
Damaged adult male right valve Plate 9, Fig. 3 0.56 0.30 
Damaged juvenile left valve Plate 9, Fig. 4 0.41 0.22 
Damaged adult male left valve Plate 9, Fig. 5 0.58 0.23 
 
Remarks: Bate (1972) only retrieved two juvenile left valves from the Campanian 
Toolonga Calcilutite of the Southern Carnarvon Basin and noted that the “shell surface 
is so strongly pitted that the ornamentation is more accurately described as reticulate.” 
Although the specimens retrieved from the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin includes adults, all have some form of damage so no specific 
assignment has been made. The valves also vary from totally reticulate to terminally 
reticulate. 
 
Guernet (1993) illustrates a Platella left valve in Plate 4, Figure 10, from the middle 
Eocene bathyal sediments of the Exmouth Plateau from the Northern Carnarvon Basin, 
that is very similar to, if not conspecific with, the Platella sp. of Bate (1972). The 
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Platella sp. of Guernet (1993), or the Cytherelloidea sp. 2 of Guernet (1993), also occurs 
in the Oligocene to lower Miocene and Pleistocene bathyal sediments of the Exmouth 
Plateau from the Northern Carnarvon Basin. 
 
These reticulate specimens are also very similar to the two Platella sp. 5071 carapaces 
of Dingle (2009, Plate 1, Figure 3), from the Late Maastrichtian at Rewa Stream and Te 
Wainohu Point on the North Island of New Zealand, except that the latter have a 
concave ventral margin. Dingle (2009) noted that Platella sp. 5048, from the uppermost 
Maastrichtian Upper Laidmore Formation at Mid-Waipara River Gorge on the South 
Island of New Zealand (Dingle, 2009, p. 154, Plate 1, Figures 1 and 2), is similar to the 
Platella sp. of Bate (1972), except that the latter is smaller and has a more strongly 
developed reticulation. 
 
This species is very similar to Platella parapunctata (Whatley & Downing, 1983) from 
the upper Oligocene Angahook Formation of Bells Headland, Victoria (McKenzie et al., 
1991) and the middle Miocene Balcombian Clay, Miocene Fyansford Formation and 
Miocene Sherwood Formation of Victoria (Whatley & Downing, 1983; Warne, 1987, 
1989), except that Platella parapunctata (Whatley & Downing, 1983) has a concave 
ventral margin. The female Platella left valve illustrated in Plate 1, Figure 6 by 
McKenzie et al. (1993) from the middle (?) Eocene Browns Creek Clays at Browns 
Creek, Victoria, and Cytherella hemipuncta Swanson, 1969, from the late Oligocene to 
early Miocene of the South Island of New Zealand (Swanson, 1969; Ayress, 1993b, 
2006) and the Recent shallow marine sediments of Stewart Island, south of the South 
Island of New Zealand (Swanson, 1979), are strongly pitted, whereas the female right 
valve assigned to Cytherella cf. hemipuncta Swanson, 1969 and illustrated in Figure 
12.7 by Ayress (1995), from the upper Eocene Ashley Mudstone Formation of the South 
Island of New Zealand, is finely punctate. Reeves et al. (2007) also record Cytherella cf. 
hemipuncta Swanson, 1969 in the Recent shallow marine sediments of southeastern 
Australia, the Gulf of Carpentaria in northern Australia and the Java Sea. 
 
Andreu et al. (2007) also illustrate a strongly pitted Cytherella left valve in Plate 1, 
Figure 10 from the Early Cenomanian of the Jaisalmer Basin, northwest India. 
 
Platella africana Dingle, 1981, from the outer shelf and upper bathyal deposits of South 
Africa, from the Campanian and Maastrichtian of Zululand and the Maastrichtian of the 
Agulhas Bank (Dingle, 1981), and the Cytherelloidea sp. 2 of Echevarría (1990), from 
the Eocene shallow marine sediments of Tierra Del Fuego Island at the southernmost tip 
of South America, are similar to the Platella sp. of Bate (1972), except that they have an 
anterior margin with short radial ribs. 
 
Stage and stratigraphic distribution: Campanian Toolonga Calcilutite and Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
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Suborder PODOCOPINA Sars, 1866 
Superfamily BAIRDIOIDEA Sars, 1888 
Family BAIRDIIDAE Sars, 1888 
 
Dingle (2009) noted that bairdiids are common in the Late Cretaceous and Tertiary of 
Australia, New Zealand and southern South America, and that whilst Bairdoppilata 
currently occurs in Antarctica and has been found in the Late Cretaceous of the 
Antarctic Peninsula, he was unaware of any Tertiary bairdiids in Antarctica. In the 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin there are 
numerous specimens of a few different species of bairdiids, including Bairdia 
austracretacea Bate, 1972, most of which are yet to be described. Bairdia 
austracretacea Bate, 1972 was originally described from the Campanian Toolonga 
Calcilutite and Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 1972). The 
author has also retrieved Bairdia austracretacea Bate, 1972 (illustrated below at x 175) 
from the Upper Santonian to Lower Maastrichtian sediments of the Northern Carnarvon 
Basin in Outtrim-1, Zeewulf-1, Scarborough-1 and Eendracht-1. 
 
 
 
Genus NEONESIDEA Maddocks, 1969 
 
Type species: Triebelina schulzi Hartmann, 1964, p. 44, Plates 4-5, Figs. 14-22 
 
Neonesidea  ex. gr. australis (Chapman, 1914) 
(Plate 36, Figs. 1-6) 
 
 1865 Bairdia ovata (Bosquet, 1853); Brady, p. 364, Plate 57, Figs. 7a-c 
 1880 Bairdia ovata (?) (Bosquet, 1853); Brady, p. 53, Plate 12, Figs. 3a-d 
 1914 Bairdia australis Chapman, p.31, Plate 6, Fig. 7 
 1953 Bairdia ceramensis Keij, p. 157 
 1954 Nesidea ovata (Bosquet, 1953); Tressler, p. 433 
1983 Neonesidia [sic.] australis (Chapman, 1914);  
Whatley & Downing, p. 351, Plate 1, Figs. 5-6 
1987 Neonesidea australis (Chapman, 1914); Warne, p. 441 
1988 Neonesidea australis (Chapman, 1914); Warne, p. 16, Figs. 9A-B 
1989 Neonesidea australis (Chapman, 1914); Warne, Plate 15, Figs. A-B 
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1991 Neonesidea australis (Chapman, 1914);  
McKenzie, Reyment & Reyment, p. 140, Plate 1, Fig. 5 
1993b  Neonesidea australis (Chapman, 1914); Ayress, pp. 145, 148, 149 & 151 
1995 Neonesidea australis (Chapman, 1914);  
Yassini & Jones, p. 304, Figs. 31, 33 & 35 
1995 Neonesidea australis (Chapman, 1914); Ayress, Fig. 4.1 
2003 Neonesidea australis (Chapman, 1914); Ayress, p. 48 
2006 Neonesidea australis (Chapman, 1914); Ayress, p. 361 & 362 
 
Material: 198 specimens (juveniles and adults, valves and carapaces, some fragments) 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Right valve Plate 36, Fig. 1 1.10 0.64 
Left valve Plate 36, Fig. 2 1.12 0.70 
Left valve Plate 36, Fig. 3 0.99 0.60 
Right valve Plate 36, Fig. 4 1.14 0.61 
Carapace Plate 36, Fig. 5 1.18 0.76 
Juvenile carapace Plate 36, Fig. 6 0.90 0.56 
 
Remarks: Neonesidea aff. australis (Chapman, 1914) is a very similar but significantly 
smaller species from the uppermost Paleocene/lowest Eocene to lower Eocene Dilwyn 
Formation of the Otway Basin, Victoria (Eglington, 2006). 
 
Whatley & Downing (1983) note that the Recent distribution of Neonesidea australis 
(Chapman, 1914), usually within fine-grained shallow marine sediments, includes the 
Gulf of Mexico, the Albrolhos Bank of Brazil, the South Atlantic Ocean, Simon’s Bay 
in South Africa, east of New Zealand and the Ceram Sea of Indonesia. Yassini and Jones 
(1995) also recorded Neonesidea australis (Chapman, 1914) in the Recent fine-grained 
shallow marine sediments of Bass Strait, Victoria. In Victoria, Neonesidea australis 
(Chapman, 1914) is also recorded in the late Oligocene to Pliocene (Chapman, 1914; 
Whatley & Downing, 1983; Warne, 1987, 1988, 1989; McKenzie et al., 1991). Ayress 
(1993b, 1995, 2003, 2006) records Neonesidea australis (Chapman, 1914) in the late 
Eocene and late Oligocene to early Miocene of the South Island of New Zealand. 
Further study of these materials from the Cretaceous to Recent is required to determine 
whether one or a number of species exists for these records. 
 
The occurrence of Neonesidea ex. gr. australis (Chapman, 1914) in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin represents the earliest 
known record of this species group, which is mainly confined to the Australia-New 
Zealand region until its Recent occurrences in Indonesia, South Africa, the South 
Atlantic Ocean, Brazil and the Gulf of Mexico. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin, upper Eocene Ashley Mudstone, upper Oligocene Kokoamu 
Greensand, upper Oligocene to lowest Miocene Otekaike Limestone and greensands, 
and lower Miocene Bluecliffs Silt of the South Island of New Zealand, upper Oligocene 
Angahook Formation, lower to middle Miocene Fyansford Formation and Sherwood 
Formation, middle Miocene Balcombian Clay, Pliocene Mallee sediments and Recent 
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Bass Strait sediments of Victoria, and Recent sediments of Indonesia, New Zealand, 
South Africa, the South Atlantic Ocean, Brazil and the Gulf of Mexico. 
 
Family BYTHOCYPRIDIDAE Maddocks, 1969 
 
Genus BYTHOCYPRIS Brady, 1880 
 
Type species: Bythocypris reniformis Brady, 1880, p. 46, Plate 5, Figs. 1a-l 
 
Bythocypris sp. 
(Plate 10, Figs. 5-7) 
 
Material: A damaged adult right valve, four juvenile right valves (two damaged), a 
damaged juvenile left valve, a juvenile carapace and three valve fragments from the KG-
1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile right valve Plate 10, Fig. 5 0.86 0.42 
Damaged adult right valve Plate 10, Fig. 6  0.57 
Juvenile carapace Plate 10, Fig. 7 0.52 0.27 
 
Short description and remarks: This elongate species of Bythocypris, with an evenly 
rounded anterior margin, unevenly rounded posterior margin that has an extremity well 
below mid-height, gently convex to straight dorsal margin and gently concave ventral 
margin, resembles Bythocypris cf. affinis (Brady, 1886) from the lower middle Miocene 
Fyansford Formation and Sherwood Formation of Victoria (Warne, 1987, 1989, 1990). 
Specimens of the Recent Bythocypris affinis (Brady, 1886) subspecies, which live in the 
Mozambique Channel, in the North Atlantic Ocean off North Africa and in the western 
Atlantic Ocean, from just south of Rio de Janeiro to the Carolina Slope (Maddocks, 
1969; Yasuhara et al., 2009a), “have less acutely rounded posterior margins” (Warne, 
1990). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Superfamily CYPRIDOIDEA Baird, 1845 
Family MACROCYPRIDIDAE Müller, 1912 
 
Genus MACROMCKENZIEA Maddocks, 1990 
 
Type species: Macrocypris siliquosa Brady, 1887, p. 164, 194, Plate 14, Figs. 1-3 
 
Macromckenziea australiana (Neale, 1975) 
(Plate 10, Figs. 8, 10 & 11) 
 
 1975 Macrocypris australiana Neale, p. 11, Plate 1, Fig. 11 
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Material: 167 specimens (juveniles and adults, mostly damaged valves or valve 
fragments) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 10, Fig. 8 1.96 0.68 
Juvenile left valve Plate 10, Fig. 10 0.85 0.34 
Adult carapace Plate 10, Fig. 11 1.90 0.77 
 
Remarks: This species was originally described from the Santonian Gingin Chalk of the 
Perth Basin (Chapman, 1917; Neale, 1975), although it was based only on two valves 
that are about half the size of the adults here, but which also have their greatest height at 
mid-point, a flexuous ventral margin and a blunt posterior termination. It has a similar 
shape to Macromckenziea porcelanica (Whatley & Downing, 1983) but is more 
elongate. Macromckenziea porcelanica (Whatley & Downing, 1983) occurs in the late 
Paleocene and early to middle Miocene of Victoria (Whatley & Downing, 1983; Warne, 
1987, 1989; McKenzie et al., 1991; Neil, 1997), the late Oligocene to early Miocene of 
the South Island of New Zealand (Ayress, 2006), and Recent upper bathyal sediments of 
the West Indies (Maddocks, 1990), whilst Macromckenziea aff. porcelanica (Whatley & 
Downing, 1983) is currently very abundant in Bass Strait, Victoria (Yassini and Jones, 
1995). 
 
Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Genus MACROCYPRINA Triebel, 1960 
 
Type species: Macrocyprina propinqua Triebel, 1960, p. 119, Plate 14, Figs. 7-10;  
Plate 15, Figs. 11-17; Plate 16, Figs. 18-24; Plate 17, Figs. 25-32 
 
Macrocyprina sp. 
(Plate 10, Fig. 9) 
 
Material: A carapace from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Carapace Plate 10, Fig. 9 1.48 0.55 
 
Short description and remarks: This species with a flexuous ventral margin has a more 
pointed posterior than Macromckenziea australiana (Neale, 1975) from the Santonian 
Gingin Chalk of the Perth Basin (Chapman, 1917; Neale, 1975), and a higher dorsal arch 
than the Macrocypris sp. of Yassini and Jones (1995) from Recent upper bathyal 
sediments of northeast Brazil and shallow marine sediments of southeast Australia. In 
Australia, the genus Macrocyprina is also recorded in the Early to Middle Miocene 
Fyansford Formation of Victoria (Warne, 1987, 1989) and the Recent shallow marine 
sediments of southern and southeast Australia (Yassini & Jones, 1987, 1995; McKenzie 
et al., 1990) and northwest Australia (McKenzie, 1974), whilst McKenzie (1979) 
recorded it in the late Eocene of the Willunga Embayment, South Australia (McKenzie 
et al., 1993). 
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Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family PONTOCYPRIDIDAE Müller, 1894 
 
Genus PROPONTOCYPRIS Sylvester-Bradley, 1947 
 
Type species: Pontocypris trigonella Sars, 1866, p. 16 
 
Propontocypris sp. 
(Plate 11, Figs. 1-2) 
 
1983 Propontocypris (Propontocypris) sp. 1, Whatley & Downing, p. 354, 
Plate 1, Fig. 17 
 
Material: An adult carapace, two juvenile carapaces and four juvenile right valves (two 
damaged) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile carapace Plate 11, Fig. 1 0.68 0.35 
Juvenile carapace Plate 11, Fig. 2 0.44 0.22 
 
Remarks: The Propontocypris sp. 1 of Whatley and Downing (1983) occurs in the 
middle Miocene Balcombian Clay of Victoria. In the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin this species is slightly larger and represents 
its earliest known record. 
 
Another species of Propontocypris has been retrieved by the author from the Northern 
Carnarvon Basin in the Middle Campanian Upper Cretaceous Carbonates of Eendracht-1 
and the Upper Campanian Korojon Calcarenite of Outtrim-1. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin and middle Miocene Balcombian Clay of Victoria. 
 
Genus MADDOCKSELLA McKenzie, 1981 
 
Type species: Bythocypris tumefacta Chapman, 1914, p. 30, Plate VI, Figs. 4a-c & 5 
 
There are three species of Maddocksella in the Upper Maastrichtian Miria Formation of 
the Southern Carnarvon Basin and the genus has also been recorded in the Late 
Maastrichtian of New Zealand (Dingle, 2009). Outside of the Australia-New Zealand 
region a species resembling Maddocksella tarparriensis McKenzie et al., 1993 is 
recorded in the late Eocene of Seymour Island, Antarctica (Szczechura, 2001). 
 
The genus is characterized “by an inflated and robust shell, strong left valve overlap and 
an adductor rosette of 5 large wedged-shaped scars” whereas the genus Australoecia, 
which has two representatives in the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin, has a right valve overlap and “is less well calcified and cigar 
shaped rather than inflated” (McKenzie, 1981). 
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Maddocksella sp. 1 
(Plate 10, Figs. 1-4) 
 
Material: A carapace and 36 valves (juveniles and adults, some fragments) from the KG-
1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Left valve Plate 10, Fig. 1 0.70 0.35 
Carapace Plate 10, Fig. 2 0.65 0.35 
Right valve Plate 10, Fig. 3 0.69 0.30 
Left valve Plate 10, Fig. 4 0.67 0.36 
 
Short description and remarks: This species of Maddocksella has an arched dorsal 
margin, an unevenly rounded anterior margin, a rounded posteroventral extremity, and a 
weakly inflexed ventral margin. Whilst Maddocksella sp. 2 also has an arched dorsal 
margin, in the left valve there is a subtle peak in front of midlength, and the right valve 
also has more obvious anterior and posterior cardinal angles. Maddocksella sp. 2 also 
has a more rounded posterior margin. 
 
The author has also retrieved a pyritised juvenile carapace of Maddocksella sp. 1 from 
the Lower Maastrichtian Korojon Calcarenite of Outtrim-1 of the Northern Carnarvon 
Basin. 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite of the 
Northern Carnarvon Basin and Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin. 
 
Maddocksella sp. 2 
(Plate 11, Figs. 3-6) 
 
Material: Two juvenile carapaces and 72 valves (juveniles and adults, some fragments) 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 11, Fig. 3 0.96 0.52 
Adult carapace Plate 11, Fig. 4 0.92 0.51 
Adult right valve Plate 11, Fig. 5 0.89 0.42 
Adult left valve Plate 11, Fig. 6 0.91 0.51 
 
Short description and remarks: This species has an arched dorsal margin with subtle 
peaks formed by the anterior cardinal angle in the left valve, and by the anterior and 
posterior cardinal angles in the right valve. The anterior margin is unevenly rounded 
with an almost straight anterodorsal margin and a convex anteroventral margin. The 
posterior margin is also unevenly rounded but with a shorter and more steeply inclined 
posterodorsal margin. The ventral margin is weakly inflexed. This species resembles the 
Maddocksella tarparriensis McKenzie et al., 1993 illustrated by McKenzie et al. (1993) 
in Plate 2, Figure 1, but not the holotype illustrated in Plate 2, Figure 2. Maddocksella 
tarparriensis McKenzie et al., 1993 is recorded from the late Eocene of Victoria and 
South Australia (McKenzie, 1979; McKenzie et al., 1991, 1993; Majoran, 1996a). 
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Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Maddocksella sp. 3 
(Plate 11, Figs. 8 & 10) 
 
Material: A juvenile carapace and 223 valves (juveniles and adults, some fragments) 
from the KG-1 outcrop. 
  
Dimensions  Length (mm) Height (mm) 
Juvenile left valve Plate 11, Fig. 8 0.68 0.42 
Juvenile right valve Plate 11, Fig. 10 0.63 0.34 
 
Short description and remarks: This species of Maddocksella has a dorsal margin with 
an obvious peak near midlength formed by the anterior cardinal angle. The right valve 
also has a subtle peak at the posterior cardinal angle. The anterior and posterior margins 
are unevenly rounded, whilst the ventral margin is weakly inflexed. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus AUSTRALOECIA McKenzie, 1967 
 
Type species: Australoecia victoriensis McKenzie, 1967, p. 68, Figs. 2f & 7j-m 
 
Australoecia sp. 1 
(Plate 11, Fig. 9 & Plate 12, Figs. 1-3) 
 
Material: A juvenile carapace and 97 valves (juveniles and adults, some fragments) from 
the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile right valve Plate 11, Fig. 9 0.54 0.26 
Juvenile carapace Plate 12, Fig. 1 0.56 0.30 
Adult left valve Plate 12, Fig. 2 0.61 0.31 
Adult left valve Plate 12, Fig. 3 0.58 0.31 
 
Short description and remarks: This oblong species of Australoecia, with rounded 
anterior and posterior margins, resembles Australoecia cf. micra (Bonaduce et al., 1975) 
from the Oligocene bathyal sediments of DSDP 463 from the Mid-Pacific Mountains 
(Boomer, 1999). Australoecia sp. 1, however, has a greater height to length ratio with a 
more rounded posterior margin. 
 
The author has also retrieved a juvenile carapace of Australoecia sp. 1 from the Lower 
Campanian Upper Cretaceous Marls of Zeewulf-1 of the Northern Carnarvon Basin. 
 
Stage and stratigraphic distribution: Lower Campanian Upper Cretaceous Marls of the 
Northern Carnarvon Basin and Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin. 
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Australoecia sp. 2 
(Plate 11, Fig. 7 & Plate 12, Figs. 4-6) 
 
Material: An adult carapace and 127 valves (juveniles and adults, some fragments) from 
the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile right valve Plate 11, Fig. 7 0.67 0.30 
Juvenile left valve Plate 12, Fig. 4 0.74 0.35 
Adult left valve Plate 12, Fig. 5 0.82 0.36 
Adult carapace Plate 12, Fig. 6 0.77 0.34 
 
Short description and remarks: This elongate species has a long, almost straight dorsal 
margin, evenly rounded anterior margin, unevenly rounded posterior margin and weakly 
inflexed ventral margin. It is more elongate than Australoecia sp. 1 and resembles the 
Australoecia sp. of Warne & Whatley (1994) from the lower and middle Miocene 
bathyal sediments of the Gippsland Basin, Victoria. 
 
The author has also retrieved three juvenile carapaces (one pyritised) of Australoecia sp. 
2 from the Upper Campanian Korojon Calcarenite of Outtirm-1 of the Northern 
Carnarvon Basin. 
 
Stage and stratigraphic distribution: Upper Campanian Korojon Calcarenite of the 
Northern Carnarvon Basin and Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin. 
 
Genus ARGILLOECIA Sars, 1866 
 
Type species: Argilloecia cylindrica Sars, 1866, p. 18 
 
Argilloecia ex. gr. australomiocenica Whatley & Downing, 1983 
(Plate 12, Figs. 7-8) 
 
1983 Argilloecia australomiocenica Whatley & Downing, p. 360,  
Plate 2, Figs. 20-22 
1987 Argilloecia australomiocenica Whatley & Downing, 1983; Warne, p. 445 
1989 Argilloecia australomiocenica Whatley & Downing, 1983;  
Warne, Plate 25, Fig. C 
1995 Argilloecia australomiocenica Whatley & Downing, 1983;  
Ayress, Fig. 4.13 
2006 Argilloecia australomiocenica Whatley & Downing, 1983;  
Ayress, p. 361 & 362 
 
Material: Five carapaces (one damaged) and 28 valves (juveniles and adults, some 
fragments) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 12, Fig. 7 0.50 0.19 
Adult right valve Plate 12, Fig. 8 0.46 0.20 
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Remarks: This species group occurs in the late Eocene and late Oligocene to early 
Miocene of the South Island of New Zealand (Ayress, 1995, 2006), and the early to 
middle Miocene of Victoria (Whatley & Downing, 1983; Warne, 1987, 1989). 
 
The author has also retrieved the posterior of a juvenile right valve from the Middle 
Campanian Calcareous Claystone and a juvenile carapace from the Lower Maastrichtian 
Korojon Calcarenite of Outtrim-1 of the Northern Carnarvon Basin. Consequently, the 
earliest known occurrence of this species group is in the Middle Campanian. 
 
Stage and stratigraphic distribution: Middle Campanian Calcareous Claystone and 
Lower Maastrichtian Korojon Calcarenite of the Northern Carnarvon Basin, Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, upper Eocene Ashley 
Mudstone, upper Oligocene to lowest Miocene Otekaike Limestone and lower Miocene 
Bluecliffs Silt of the South Island of New Zealand, and lower to middle Miocene 
Fyansford Formation and middle Miocene Balcombian Clay of Victoria. 
  
Family PARACYPRIDIDAE Sars, 1923 
 
Genus PARACYPRIS Sars, 1866 
 
Type species: Paracypris polita Sars, 1866, p. 12 
 
Paracypris eocuneata (Hornibrook, 1953) 
(Plate 13, Figs. 1-6) 
 
 1952 Macrocypris elongate sp., Hornibrook, p. 19 
1953 Macrocypris eocuneata Hornibrook, p. 303, Text-fig. 1, Fig. 6 
 1995 Paracypris eocuneata (Hornibrook, 1953); Ayress, Figs. 4.5-4.8 
 
Material: A juvenile carapace and 39 valves (juveniles and adults, some fragments) from 
the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Posterior of a right valve Plate 13, Fig. 1   
Posterior of a left valve Plate 13, Fig. 2   
Juvenile carapace Plate 13, Fig. 3 1.04 0.37 
Juvenile left valve Plate 13, Fig. 4 0.97 0.36 
Juvenile left valve Plate 13, Fig. 5 1.08 0.37 
Juvenile right valve Plate 13, Fig. 6 1.03 0.35 
 
Remarks: This species was originally described by Hornibrook (1953) from the early 
Eocene to early Oligocene of New Zealand, and Ayress (1995) illustrated specimens 
from the upper Eocene Ashley Mudstone of the South Island of New Zealand. 
 
The occurrence of Paracypris eocuneata (Hornibrook, 1953) in the Upper Maastrichtian 
Miria Formation of the Southern Carnarvon Basin represents the earliest known record 
of this species. 
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Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin, and upper Eocene Ashley Mudstone and lower Eocene to 
lower Oligocene sediments of New Zealand. 
 
Superfamily CYTHEROIDEA Baird, 1850 
Family NEOCYTHERIDEIDIDAE Puri, 1957 
 
Genus COPYTUS Skogsberg, 1939 
 
Type species: Copytus caligula Skogsberg, 1939, p. 418, Figs. 1-13 
 
Copytus sp. 
(Plate 12, Fig. 9) 
 
Material: A carapace from the KG-1 outcrop. 
  
Dimensions  Length (mm) Height (mm) 
Carapace Plate 12, Fig. 9 1.04 0.41 
 
Short description and remarks: This elongate species of Copytus has a steeply inclined 
and straight posterior margin, an evenly rounded anterior margin, a very gently convex 
dorsal margin and a concave ventral margin. The genus subsequently appears in the late 
Paleocene of Victoria (Neil, 1997), the late Eocene of the South Island of New Zealand 
(Ayress, 1995) and the Oligocene of West Antarctica (Blaszyk, 1987; Dingle & 
Majoran, 2001) and the South China Sea (Zhao, 2005). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family CYTHEROMATIDAE Elofson, 1939 
 
Genus CYTHEROMA Müller, 1894 
 
Type species: Cytheroma variabilis Müller, 1894, p.349 
 
Cytheroma sp. 
(Plate 12, Figs. 10-11) 
 
Material: An adult carapace, an adult right valve, two juvenile right valves and five 
valve fragments from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult carapace Plate 12, Fig. 10 0.87 0.38 
Adult right valve Plate 12, Fig. 11 0.75 0.29 
 
Short description and remarks: This species, with an arched dorsal margin, unevenly 
rounded anterior and posterior margins, and straight ventral margin, resembles 
Cytheroma variabilis Müller, 1894 from Lake Macquarie, New South Wales and the 
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Mediterranean (Yassini & Jones, 1995). Two species of the genus were also reported 
from the middle Miocene Balcombian Clay of Victoria (Whatley & Downing, 1983). 
 
Ayress (1990) described three new endemic species of cytheromatids, which belonged to 
the genera Pellucistoma Coryell & Fields, 1937 and Paracytheroma Juday, 1907, from 
the upper Eocene, uppermost Oligocene to lower Miocene and Recent sediments of New 
Zealand. These species represented the first record of the family in New Zealand and the 
earliest known record of the family at that time. However, the occurrence of Cytheroma 
sp. in the Miria Formation of the Southern Carnarvon Basin now extends the range of 
the family down into the Late Maastrichtian. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family SCHIZOCYTHERIDAE Mandelstam, 1960 
 
Genus APATELOSCHIZOCYTHERE Bate, 1972 
 
Type species: Apateloschizocythere geniculata Bate, 1972, p. 30, Plate 7, Figs. 5-8; 
Plate 8, Figs. 1-10; Plate 15, Fig. 7; text-figs. 17A-B 
 
Apateloschizocythere geniculata Bate, 1972 
(Plate 13, Figs. 7-11) 
 
1972 Apateloschizocythere geniculata Bate, p. 30, Plate 7, Figs. 5-8; Plate 8, 
Figs. 1-10; Plate 15, Fig. 7; text-figs. 17A-B 
1973 Apateloschizocythere geniculata Bate, 1972; Neale, p. 297 
1975 Apateloschizocythere geniculata Bate, 1972; Neale, p. 38, Plate 9, Fig. 8 
1991 Apateloschizocythere geniculata Bate, 1972;  
Neale in Haig, Plate 7, Figs. 7 & 9 
1992 Apateloschizocythere geniculata Bate, 1972;  
Damotte, p. 826, Plate 1, Figs. 11-12 
 
Material: Ten adult carapaces, one juvenile carapace, 173 adult right valves (33 
damaged), 158 adult left valves (30 damaged), 134 juvenile right valves (21 damaged) 
and 142 juvenile left valves (28 damaged) from the KG-1 outcrop. Two adult carapaces, 
two juvenile carapaces, 32 adult right valves (13 damaged), 19 adult left valves (6 
damaged), 7 juvenile right valves (4 damaged) and 6 juvenile left valves (2 damaged) 
from the UWA Cardabia stratigraphic hole. Three adult right valves (2 damaged), one 
adult left valve, two juvenile right valves and two juvenile left valves (one damaged) 
from the Exac-10 borehole. A damaged juvenile right valve from Eendracht-1. One adult 
carapace from Zeewulf-1. 
 
Dimensions  Length (mm) Height (mm) 
Female right valve Plate 13, Fig. 7 0.41 0.27 
Female left valve Plate 13, Fig. 8 0.43 0.28 
Male right valve Plate 13, Fig. 9 0.42 0.24 
Male left valve Plate 13, Fig. 10 0.41 0.26 
Female carapace Plate 13, Fig. 11 0.43 0.28 
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Remarks: Apateloschizocythere geniculata Bate, 1972 has also been retrieved from the 
Santonian to Campanian Toolonga Calcilutite and the Campanian Korojon Calcarenite 
of the Southern Carnarvon Basin (Bate, 1972), the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975), the Upper Campanian to Upper Maastrichtian Upper Cretaceous 
Carbonates of ODP 762C from the Exmouth Plateau and the Upper Campanian Upper 
Cretaceous Carbonates of ODP 761B from the Wombat Plateau (Damotte, 1992). 
 
The author has also retrieved two damaged adult right valves, an adult left valve and a 
juvenile right valve from the Lower Maastrichtian Korojon Calcarenite of the UWA 
Cardabia stratigraphic hole from the Southern Carnarvon Basin. The author also 
collected other specimens from the Northern Carnarvon Basin. This consists of a 
damaged adult right valve and a juvenile left valve from the Middle Campanian 
Calcareous Claystone and a juvenile carapace from the Upper Campanian to Lower 
Maastrichtian Korojon Calcarenite of Outtrim-1, a juvenile carapace and a juvenile right 
valve from the Lower Campanian Upper Cretaceous Marls and a damaged adult left 
valve from the Lower Maastrichtian Upper Cretaceous Claystones of Zeewulf-1, and an 
adult carapace, a juvenile carapace, four adult left valves (two damaged) and two 
damaged juvenile left valves from the Santonian to Lower Maastrichtian Upper 
Cretaceous Carbonates of Eendracht-1. 
 
Bate (1972) designated Apateloschizocythere geniculata as the type species for the new 
genus Apateloschizocythere. It has a quadrate carapace with a frilled reticulate 
ornament, which includes three horizontal and oblique lateral ridges. The oblique 
median ridge is “bent as in a knee joint” (Bate, 1972) and the ventrolateral ridge has a 
“strong postero-ventral projection” (Neale, 1973). It has a strong antimerodont hinge, 
well-developed selvage, broad duplicature and flange, and lacks an eye spot. The left 
valve accommodates the right valve, although the “valves are virtually equivalve” (Bate, 
1972), except that near the anterior cardinal angle the left valve slightly overlaps the 
right valve. 
 
Neale (1973) pointed out that the adults show sexual dimorphism, with “the longer, 
lower forms being interpreted as males” (Neale, 1975). The squatter females are 
illustrated in Plate 13, Figures 7 and 8, and the more elongate males in Plate 13, Figures 
9 and 10. 
 
In South Africa, Apateloschizocythere mclachlani Dingle, 1981, from the Campanian of 
Zululand (Dingle, 1981), and Apateloschizocythere laminata (Dingle, 1971), from the 
Maastrichtian of the Agulhas Bank (Dingle, 1971, 1981), differ from 
Apateloschizocythere geniculata Bate, 1972 by having four lateral ridges rather than 
three, and in the case of Apateloschizocythere mclachlani a distinct caudal process with 
no prominent anterior cardinal elevation in the left valve. Five, small, poorly preserved 
specimens of Apateloschizocythere? cf. mclachlani Dingle, 1981 were also recovered 
from Lower Coniacian sediments of the Agulhas Bank (Dingle, 1971, 1985). 
 
An Apateloschizocythere sp., which is similar to Apateloschizocythere geniculata Bate, 
1972 but has a distinct caudal process like Apateloschizocythere mclachlani Dingle, 
1981, was recovered from the Upper Campanian to Eocene deep-sea sediments of ODP 
OSTRACOD TAXONOMY 
 
131 
689B from Maud Rise in the Southern Ocean, 750km north of East Antarctica (Majoran 
& Widmark, 1998; Majoran & Dingle, 2002). 
 
A possible Apateloschizocythere juvenile left valve was also recovered from the Upper 
Maastrichtian bathyal sediments of ODP 1052E from Blake Nose in the low latitude, 
western North Atlantic Ocean (Majoran, 1999). 
 
In the middle to Upper Maastrichtian outer shelf to upper bathyal sediments of southern 
Egypt and Sinai (Bassiouni & Luger, 1990; Ismail & Ied, 2004; Morsi et al., 2008), 
Apateloschizocythere fimbriata Bassiouni & Luger, 1990, has three lateral ridges like 
Apateloschizocythere geniculata Bate, 1972, but the oblique median ridge is not bent as 
in a knee joint (Bassiouni & Luger, 1990). Apateloschizocythere fimbriata Bassiouni & 
Luger, 1990 is also more elongate and has a distinct caudal process. 
 
Dingle (2009) notes that Apateloschizocythere? colleni Dingle, 2009, from the 
Cenomanian Saw Pit Mudstone at Coverham on the South Island of New Zealand, “is 
the oldest reported representative of the genus, suggesting that it may have originated in 
Australasia.” Apateloschizocythere? colleni Dingle, 2009 is larger and more elongate 
than Apateloschizocythere geniculata Bate, 1972 and does not have a frilled reticulate 
ornament. 
 
Stage and stratigraphic distribution: Santonian to Campanian Toolonga Calcilutite, 
Campanian to Lower Maastrichtian Korojon Calcarenite and Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin, Santonian to Maastrichtian Upper 
Cretaceous Carbonates, Lower Campanian Upper Cretaceous Marls, Middle Campanian 
Calcareous Claystone, Upper Campanian to Lower Maastrichtian Korojon Calcarenite 
and Maastrichtian Upper Cretaceous Claystones of the Northern Carnarvon Basin, and 
Santonian Gingin Chalk of the Perth Basin. 
 
Family CYTHERIDAE Baird, 1850 
Subfamily PAIJENBORCHELLINAE Deroo, 1966 
 
Genus PAIJENBORCHELLA Kingma, 1948 
Subgenus PAIJENBORCHELLA Kingma, 1948 
 
Type species: Paijenborchella iocosa Kingma, 1948, p. 86, Plate 8, Fig.12 
 
Paijenborchella (Paijenborchella) sp. 
(Plate 36, Fig. 7) 
 
Material: A ferruginised right valve from Eendracht-1. 
 
Dimensions  Length (mm) Height (mm) 
Right valve Plate 36, Fig. 7 0.85 0.40 
 
Short description and remarks: Keij (1966) erected two subgenera, Paijenborchella 
Kingma, 1948 and Eopaijenborchella Keij, 1966 for the genus Paijenborchella Kingma, 
1948, and noted that some authors place this genus in the family Schizocytheridae 
Mandelstam, 1960. The subgenus Eopaijenborchella has a Late Cretaceous to Recent 
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range and is “characterised by an ovate carapace with the surface ornamented by a 
combination of pits, reticulation, ridges and spines” and three longitudinal ridges (Keij, 
1966). In contrast, the smooth subgenus Paijenborchella is “characterised by long, 
drawn-out carapaces ending in a slender, straight or slightly curved, ventral caudal 
process” (Keij, 1966). Based on this the right valve illustrated in Plate 36, Figure 7 
belongs to the latter and it also has a straight dorsal margin, broadly rounded anterior 
margin, convex ventral margin, and remnants of the median ridge on either side of the 
median sulcus and the posterior spine that terminates the ventrolateral ridge. 
 
Yamaguchi (2006) notes that the subgenus Eopaijenborchella is thought to have 
originated in Tethys in the Late Cretaceous and belongs to a low to middle latitudinal 
Eocene group that occurs in Europe, the Mediterranean, the Middle East, Pakistan, India 
and southeastern Asia. It also occurs in the Eocene Pacific Coast of Baja California Sur, 
Mexico (Carreño & Cronin, 1993). Yamaguchi (2006) also noted that the subgenus 
Eopaijenborchella does not occur in southern Australia, New Zealand or Antarctica. 
 
The subgenus Paijenborchella, however, has been reported from Australia in the 
Miocene of Victoria (Keij, 1966; McKenzie, 1974; Whatley & Downing, 1983; 
McKenzie & Peypouquet, 1984; Warne, 1987, 1989, 1993) and Recent shallow marine 
sediments of the Gulf of Carpentaria (Yassini et al., 1993; Reeves et al., 2007). The 
subgenus Paijenborchella has also been reported from the middle Eocene of Pakistan 
(Siddiqui, 2006), the Oligocene of the West Antarctic King George Island (Blaszyk, 
1987), the middle Oligocene to middle Miocene of Europe (Keij, 1966), the early 
Miocene of Tanzania (Ahmad et al., 1991) and the continental shelf sediments off the 
Orange River, southwest Africa (Dingle et al., 2001), the middle Miocene to Pliocene of 
the Mediterranean (Keij, 1966; Guernet, 2005; Faranda & Gliozzi, 2008), the Neogene 
to Recent of Indonesia, the Neogene of the Philippines, Sarawak and Borneo, and the 
Recent shallow marine sediments of the South China Sea (Keij, 1966), the Tsushima 
Strait between the East China Sea and the Sea of Japan (Tanaka, 2008), Western Samoa 
in the southwest Pacific Ocean (McKenzie, 1986) and the Persian Gulf and the Red Sea 
(Mostafawi, 2003). 
 
The previous earliest known occurrence of the subgenus Paijenborchella was 
Paijenborchella (Paijenborchella) inponticulata Siddiqui, 2006 from the middle Eocene 
of Pakistan (Siddiqui, 2006). This species and the Late Maastrichtian Paijenborchella 
(Paijenborchella) sp. of Eendracht-1, from the Exmouth Plateau of the Northern 
Carnarvon Basin, have a convex ventral margin, a well-developed, truncated caudal 
process at mid-height, and a shallow, almost vertical, median sulcus in the anterior third, 
which lacks a median bridge and is shallower in the middle. In contrast, Paijenborchella 
(Paijenborchella) sp. has a straight dorsal margin, a broadly and evenly rounded anterior 
margin and small projections in the ventrolateral region, which may be the base of small 
spines and an alar process. Paijenborchella (Paijenborchella) sp. may be the ancestor of 
Paijenborchella (Paijenborchella) solitaria Ruggieri, 1962, which also lacks a median 
bridge, and occurs in the late Miocene of Sicily, the Miocene of southern Australia, and 
Recent shallow marine sediments of northern Australia and the South China Sea. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Upper Cretaceous Carbonates 
of the Northern Carnarvon Basin. 
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Subfamily CYTHERINAE Baird, 1850 
 
Genus LOXOCYTHERE Hornibrook, 1952 
Subgenus Loxocythere Hornibrook, 1952 
 
Type species: Loxocythere crassa Hornibrook, 1952, p. 30, Plate 2, Figs. 26-31 
 
Loxocythere (Loxocythere) imitata (Bate, 1972), from the Santonian to Maastrichtian of 
Western Australia, is now the earliest known representative of the genus and subgenus 
Loxocythere. During the Cenozoic the genus and subgenus appears in New Zealand, 
Victoria, Marion Island, Antarctica, the Falkland Islands and Argentina. 
 
Loxocythere (Loxocythere) imitata (Bate, 1972) 
(Plate 35, Figs. 8-11) 
 
1917 Cythere harrisiana Jones var. reticosa Jones & Hinde;  
Chapman, p. 53, Plate 13, Fig. 6 
1972 Hystricocythere imitata Bate, p. 76, Plate 24, Fig. 7;  
Plate 27, Figs. 1-10; text-figs. 42A-B 
1975 Hystricocythere imitata Bate, 1972; Neale, p. 68,  
Plate 2, Fig.3; text-figs. 16a & e 
 
Material: Seven right valves (four damaged), six left valves (one damaged), two 
posteriors of left valves and an anterior right valve fragment from the KG-1 outcrop. A 
right valve with a damaged anterior from the UWA Cardabia stratigraphic hole. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 35, Fig. 8 0.46 0.29 
Adult right valve Plate 35, Fig. 9 0.45 0.28 
Adult left valve Plate 35, Fig. 10 0.46 0.29 
Adult right valve Plate 35, Fig. 11 0.46 0.28 
 
Remarks: This small, inflated, posteriorly tapering, reticulate and spinose, species, with 
a hemimerodont hinge, has an ornament that resembles the trachyleberidid genus 
Echinocythereis Puri, 1954 and the progonocytherid genus Parahystricocythere Dingle, 
2009. This species also occurs in the Santonian and Campanian Toolonga Calcilutite of 
the Southern Carnarvon Basin (Bate, 1972) and the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975). The author also retrieved a left valve and a juvenile carapace from 
the Lower Maastrichtian Korojon Calcarenite of the UWA Cardabia stratigraphic hole 
from the Southern Carnarvon Basin. 
 
Neither Bate (1972) nor Neale (1975) were able to allocate this monotypic genus to any 
family. This species and Loxocythere (Loxocythere) crassa Hornibrook, 1952, the type 
species for the genus and subgenus Loxocythere from the early Miocene to Recent of 
New Zealand (Hornibrook, 1952; Swanson, 1969, 1978, 1979), are the same size and 
have the same lateral outline. The lateral outline is highest anteriorly, with slight mid-
dorsal and mid-ventral concavities, and has a broadly rounded anterior margin and a 
slightly upturned, narrowly rounded posterior margin whose extremity occurs below 
mid-height. These two species also share a convex posterodorsal projection, blunt 
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ventral ridge, hemimerodont hinge, left valve larger than right valve, broad anterior 
duplicature, small vestibula, moderately strong selvage and heavily reticulate ornament, 
although Loxocythere (Loxocythere) imitata (Bate, 1972) also has short, stubby spines 
upon the reticulae. As a consequence, Hystricocythere imitata Bate, 1972 has been 
assigned here to the genus and subgenus Loxocythere and the subfamily Cytherinae. 
This makes Loxocythere (Loxocythere) imitata (Bate, 1972) the earliest known 
representative of the genus and subgenus Loxocythere. 
 
The spinose and reticulate Hystricocythere? sp. of Damotte (1992), from the Upper 
Santonian or Lower Campanian Upper Cretaceous Carbonates of ODP 761B from the 
Wombat Plateau, and the Lower Campanian Upper Cretaceous Carbonates of ODP 
763B and the Upper Campanian Upper Cretaceous Carbonates of ODP 762C from the 
Exmouth Plateau, does not have as clear a concentric reticulation as Loxocythere 
(Loxocythere) imitata (Bate, 1972), nor does it have the same lateral outline. These three 
damaged specimens were tentatively assigned to the genus Hystricocythere primarily 
due to their spinose and reticulate ornament. However, the straight, sloping dorsal 
margin and the pointed, triangular and depressed posterior margin with marginal spines, 
indicates that these specimens belong to the genus Rugocythereis Dingle, Lord & 
Boomer, 1990. Consequently, these specimens represent the earliest known occurrence 
of the genus Rugocythereis, which subsequently appears in the Maastrichtian of the 
Falkland Plateau (Majoran et al., 1998, recorded as Pennyella? sp. 2 and Indeterminate 
gen. et sp. b), the Oligocene of the South Island of New Zealand (Ayress, 1993a, b, 
2006), the Maud Rise in the Southern Ocean, 750km north of East Antarctica (Majoran 
& Dingle, 2002) and the eastern equatorial Pacific Ocean (Steineck et al., 1988, 
recorded as “Oxycythereis”), the Miocene of the Lord Howe Rise (Ayress, 1993b), the 
Challenger Plateau (Ayress, 1994), the Agulhas Ridge in the Southern Ocean (Majoran 
& Dingle, 2001a), the Cape Basin in the South Atlantic Ocean (Majoran & Dingle, 
2001a), the northwest Indian Ocean and the mid and northeast North Atlantic Ocean 
(Whatley & Coles, 1987), the Pliocene of the Southwest Pacific Ocean (Whatley & 
Coles, 1987), and recently around the Kerguelen and Heard Islands (Ayress et al., 2004) 
and on the Campbell Plateau and South Tasman Rise (Mazzini, 2005). The genus 
Rugocythereis is currently found in water depths of 457-3526 m (Whatley & Coles, 
1987; Dingle et al., 1990; Corrège, 1993; Ayress et al., 2004; Mazzini, 2005). 
 
The Hystricocythere? sp. A and Hystricocythere? sp. B of Krömmelbein (1975), from 
the Middle Albian-Early Cenomanian of the Eromanga Basin in southwest Queensland, 
and the Hystricocythere? sp. of Ballent (1998), from the Albian of the Austral Basin of 
southern Argentina, are much larger and do not have hemimerodont hinges, and as a 
consequence belong to the genus Parahystricocythere Dingle, 2009. In New Zealand, 
Parahystricocythere ericea Dingle (2009) occurs in the latest Maastrichtian and 
Parahystricocythere sp. 5070 in the Santonian (Dingle, 2009), which indicates that this 
Austral genus ranges from the Albian to the Maastrichtian. 
 
The Loxocythere cf. hornibrooki McKenzie, 1967 recorded by Ayress (1993b) in the 
early Oligocene of the South Island of New Zealand represents the earliest known 
occurrence of this genus and subgenus in New Zealand. The other New Zealand species 
is Loxocythere (Loxocythere) kingi Hornibrook, 1952, which occurs in the early 
Miocene to Recent with Loxocythere (Loxocythere) crassa Hornibrook, 1952 
(Hornibrook, 1952). 
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Warne (2004) notes that the genus and subgenus Loxocythere consists of three groups. 
One is represented by the type species Loxocythere (Loxocythere) crassa Hornibrook, 
1952, which is distinguished by its “thick shell, rugged reticulate ornament, subquadrate 
shaped inner margin and posterior extremity below mid height.” To this diagnosis could 
be added a slight mid-dorsal concavity. Loxocythere (Loxocythere) imitata (Bate, 1972) 
belongs to this group. The uncertain reticulate and punctate carapace illustrated by 
Szczechura and Blaszyk (1996) in Plate 42, Figure 8, from the Pliocene Pecten 
Conglomerate of Cockburn Island on the Antarctic Peninsula, also belongs to this group. 
 
The second group of the genus and subgenus Loxocythere has “relatively elongate 
subrectangular carapaces and inner margins, and acutely rounded posterior outlines with 
valve posterior extremities well below mid height” (Warne, 2004). This second group 
includes the early Miocene to Recent New Zealand species Loxocythere (Loxocythere) 
kingi Hornibrook, 1952, the Loxocythere ? sp. 4904 of Dingle (2003) from water depths 
of 64-107 m at Marion Island in the Southern Ocean, and Loxocythere (Loxocythere) 
variasculpta Whatley et al., 1997, from Recent shallow marine sediments of the 
Falkland Islands (Whatley et al., 1995) and all along the Argentinean coastline (Whatley 
et al., 1997a; Whatley et al., 1998a), and the Pliocene of Argentina (Echevarría, 1988). 
 
The third group of the genus and subgenus Loxocythere has a “relatively elongate 
subrectangular carapace and inner margin” outline but possesses “broadly rounded 
posterior extremities” (Warne, 2004). This third group includes species like Loxocythere 
(Loxocythere) hornibrooki McKenzie, 1967 from Recent sediments of Port Phillip Bay 
and Bass Strait, Victoria and the Great Australian Bight, Western Australia (McKenzie, 
1967; Hartmann, 1979; Yassini & Jones, 1995), and the Pliocene of Victoria (Warne & 
Soutar, 2011), Loxocythere (Loxocythere) cf. hornibrooki McKenzie, 1967 from the 
early Oligocene of the South Island of New Zealand (Ayress, 1993b), Loxocythere 
(Loxocythere) postventrobullata McKenzie et al., 1990 from the Pleistocene of Victoria 
(McKenzie et al., 1990), Loxocythere (Loxocythere) cf. postventrobullata McKenzie et 
al., 1990 from the Pliocene of Victoria (Warne & Soutar, 2011), and several other 
undescribed species from the Miocene to Pliocene of Victoria (Warne, 1987, 1989). It 
also includes the earliest known occurrences of the genus Loxocythere in Victoria, 
Loxocythere (Loxocythere) cf. ouyenensis (Chapman, 1914) and Loxocythere 
(Loxocythere) cf. hornibrooki McKenzie, 1967, from the upper Paleocene Pebble Point 
Formation (Neil, 1997). 
 
Stage and stratigraphic distribution: Santonian to Campanian Toolonga Calcilutite, 
Lower Maastrichtian Korojon Calcarenite and Upper Maastrichtian Miria Formation of 
the Southern Carnarvon Basin, and Santonian Gingin Chalk of the Perth Basin. 
 
Loxocythere (Loxocythere) tripromontoria sp. nov. 
(Plate 14, Figs. 1-3) 
 
Derivation of name: Greek tris – three and Latin promontorium – ridge. A reference to 
the posterodorsal, posteroventral and ventrolateral projections. 
 
Diagnosis: Subquadrate lateral outline, highest at the anterior end, with slight mid-dorsal 
and mid-ventral concavities, a convex posterodorsal projection, a triangular 
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posteroventral projection and a ventrolateral ridge with large fossae. Posterior extremity 
below mid-height. Smooth valve surface with scattered pits and a subtle eye spot. Hinge 
hemimerodont. Broad anterior duplicature with small vestibule. 
 
Holotype: An adult left valve (MG3901) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 19 (Depth: 90-95cm. Age: Late Maastrichtian). 
 
Paratype: An adult carapace (MG3902) from the Korojon Calcarenite of the UWA 
Cardabia stratigraphic hole, MF/CRB/6 (Depth: 53.86m. Age: Early Maastrichtian). 
 
Other material: None. 
 
Dimensions   Length (mm) Height (mm) 
Paratype, adult carapace MG3902 Plate 14, Fig. 1 0.50 0.25 
Holotype, adult left valve MG3901 Plate 14, Fig. 2 & 3 0.48 0.28 
 
Description: Subquadrate lateral outline with a convex posterodorsal and a triangular 
posteroventral projection obscuring the posterodorsal and posteroventral margins. The 
anterior margin is broadly rounded and is the highest point of the valve. The narrowly 
rounded posterior margin has its extremity below mid-height and this represents the 
greatest length of the valve. The inflated valves have a slight mid-dorsal and mid-ventral 
concavity. 
 
Most of the valve surface is smooth except for scattered pits, a ventrolateral ridge with a 
few large fossae, and a subtle eye spot. 
 
The hinge is hemimerodont and the selvage moderately strong. The anterior duplicature 
is broad with a small vestibule. The central muscle scar pattern was not visible. 
 
Remarks: This species belongs to the first group of the genus and subgenus Loxocythere 
that includes Loxocythere (Loxocythere) crassa Hornibrook, 1952, from the early 
Miocene to Recent of New Zealand (Hornibrook, 1952; Swanson, 1969, 1978, 1979), 
and Loxocythere (Loxocythere) imitata (Bate, 1972), from the Santonian to Late 
Maastrichtian of Western Australia. However, Loxocythere (Loxocythere) 
tripromontoria has three strongly developed projections rather than the heavy reticulate 
ornament that adorns Loxocythere (Loxocythere) crassa Hornibrook, 1952 and 
Loxocythere (Loxocythere) imitata (Bate, 1972). 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Family LEPTOCYTHERIDAE Hanai, 1957 
Subfamily HEMICYTHERIDEINAE Warne, 1996 
 
The subfamily Hemicytherideinae was erected by Warne (1996) to accommodate 
leptocytherids that have a hemigongylodont hinge and straight marginal pore canals. The 
two genera assigned to this subfamily are Hemicytheridea Kingma, 1948, which some 
authors place in the subfamily Cytherinae Baird, 1850 of the family Cytheridae Baird, 
1850, and Vandiemencythere Ayress & Warne, 1993 (Warne, 1996). Both of these 
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genera have their earliest known occurrences in the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin. 
 
Genus HEMICYTHERIDEA Kingma, 1948 
 
Type species: Hemicytheridea reticulata Kingma, 1948, p. 71, Plate 7, Figs. 7a-e 
 
Hemicytheridea sp. 
(Plate 36, Fig. 8) 
 
Material: A left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Left valve Plate 36, Fig. 8 0.81 0.40 
 
Short description and remarks: This Hemicytheridea valve has a subtrapezoidal lateral 
outline with a distinct posterior cardinal angle, an obtusely rounded anterior margin, a 
broadly rounded posterior margin and straight dorsal and ventral margins. The dorsal 
margin is slightly inclined towards the posterior. The valves are heavily calcified and 
coarsely reticulate. The hinge is amphidont (hemigongylodont). 
 
The type species, Hemicytheridea reticulata Kingma, 1948, was originally found in the 
Pliocene shallow marine deposits of Indonesia, and the genus currently lives in the 
shallow marine, and possibly brackish, sediments of the Indo-Pacific Ocean (van 
Morkhoven, 1963), and has a distribution extending as far west as the Persian Gulf 
(Mostafawi, 2003) and as far east as Taiwan (Hu & Tao, 2008). 
 
Hemicytheridea mosaica (Hornibrook, 1952) occurs in the early Eocene to Recent of 
New Zealand (Hornibrook, 1952), Hemicytheridea georgeensis Blaszyk, 1987 in the 
Oligocene of King George Island, West Antarctica (Blaszyk, 1987) and Hemicytheridea 
aff. georgeensis Blaszyk, 1987 in the Oligocene of Victoria Land Basin, West 
Antarctica (Dingle & Majoran, 2001, recorded as Hemicytheridea aff. kinggeorgeensis 
Blaszyk, 1987). Consequently, the occurrence of Hemicytheridea sp. in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin is the earliest known 
record of the genus Hemicytheridea. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus VANDIEMENCYTHERE Ayress & Warne, 1993 
 
Type species: Vandiemencythere gunyoungensis Ayress & Warne, 1993, p. 34,  
Plate 1, Figs. 1, 3 & 6; text-fig. 1 
 
Vandiemencythere ayressi sp. nov. 
(Plate 18, Figs. 9-10) 
 
Derivation of name: In honour of Dr. Michael A. Ayress who erected the genus 
Vandiemencythere with Dr. Mark Thomas Warne. 
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Diagnosis: A species of Vandiemencythere with a ridge extending from the anterodorsal 
margin, anteriorly, ventrally and posteriorly, to the posterodorsal margin, and then 
connecting to the posterodorsal corner of the bulb-like protuberance in the anterodorsal 
region. A short ridge connects the anteroventral corner of the bulb-like protuberance to 
the anterior marginal ridge near mid-height. Two other subhorizontal ridges lie beneath 
this short ridge and a faint subvertical ridge lies behind the shallow subvertical median 
sulcus. 
 
Holotype: An adult right valve (MG4201) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 2 (Depth: 5-10cm. Age: Late Maastrichtian). 
  
Paratypes: An adult left valve (MG4202) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. Age: Late Maastrichtian). 
 
Other material: None. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult right valve MG4201 Plate 18, Fig. 9 0.35 0.15 
Paratype, adult left valve MG4202 Plate 18, Fig. 10 0.36 0.17 
 
Description: Small, weakly calcified, compressed, subrectangular valves with a bulb-like 
protuberance in the anterodorsal region that lies in front of a subvertical, shallow median 
sulcus. Straight dorsal margin with a subtle anterior hinge ear, slightly concave ventral 
margin and bluntly rounded anterior margin. A gently concave posterodorsal margin 
joins a convex posteroventral margin at mid-height, where the greatest length occurs. A 
prominent anterior marginal ridge commences at the anterodorsal corner and then rises 
ventrolaterally to connect with a pointed posterior ridge. The posterior ridge is elevated 
above and anterior of the posterior margin, and continues posterodorsally, where it then 
extends downwards to join the posterodorsal corner of the bulb-like protuberance. A 
short ridge also extends downwards from the anteroventral corner of the bulb-like 
protuberance to join the anterior marginal ridge near mid-height. Below this lies another 
short ridge that extends subhorizontally, but only part way, towards the shallow median 
sulcus. Just behind the shallow median sulcus is a faint subvertical ridge. A wavy ridge 
extends from the middle of the ventrolateral ridge and joins the anterior marginal ridge 
just below the short subhorizontal ridge. The remainder of the valve surface is smooth. 
 
The hinge is amphidont but not fully developed hemigongylodont. Moderately broad 
duplicature with an anterior and posterior vestibulum. The central muscle scar pattern 
was not visible. 
 
Remarks: Vandiemencythere ayressi is very similar to Vandiemencythere phleboides 
Ayress & Warne, 1993, from the upper Eocene Ashley Mudstone Formation of the 
South Island of New Zealand (Ayress & Warne, 1993), except that in the latter the 
ventrolateral and posterior ridges are discontinuous, the bulb-like protuberance in the 
anterodorsal region is not connected to the anterior marginal ridge by a short rib and two 
parallel subvertical ridges extend both dorsally and ventrally away from the ventrolateral 
ridge. 
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Vandiemencythere gunyoungensis Ayress & Warne, 1993, from the lower middle 
Miocene Fyansford Formation and Sherwood Formation of Victoria (Ayress & Warne, 
1993), has more well-defined ridges and intermural punctation. The Vandiemencythere 
sp. 1 of Ayress and Warne (1993), from the late Pliocene Marion Plateau off the eastern 
coast of Queensland, is coarsely punctate to reticulate, whereas the Vandiemencythere 
sp. 2 of Ayress and Warne (1993), from a water depth of 494 m in the Coral Sea, is 
coarsely reticulate with thick inter-ridge muri. 
 
The Munseyella? sp. of Neil (1997), from the upper Paleocene Pebble Point Formation 
of the Otway Basin, Victoria,  illustrated in Figure 8E probably belongs to the genus 
Vandiemencythere. Compared with Vandiemencythere ayressi it has a continuous 
marginal ridge and lacks the bulb-like protuberance in the anterodorsal region. 
 
The occurrence of Vandiemencythere ayressi in the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin is the earliest known record of the genus 
Vandiemencythere, which is endemic to Australia and New Zealand. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family PROGONOCYTHERIDAE Sylvester-Bradley, 1948 
Subfamily PROGONOCYTHERINAE Sylvester-Bradley, 1948 
 
Genus MAJUNGAELLA Grékoff, 1963 
 
Type species: Majungaella perforata Grékoff, 1963, p. 1743, Plate V, Figs. 134-140; 
Plate IX, Figs. 230 & 333 
 
Majungaella annula Bate, 1972 
(Plate 14, Fig. 5) 
 
1972 Majungaella annula Bate, p. 26, Plate 5, Figs. 7-9; Plate 6, Figs. 2-7; 
Plate 7, Figs. 1-4; text-figs. 15B, 16A-B 
1975 Majungaella annula Bate, 1972; Neale, p. 15, Plate 8, Fig. 8; text-fig. 2a 
 
Material: An adult right valve and three damaged right valves (two juvenile) from the 
KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 14, Fig. 5 0.67 0.41 
 
 
Remarks: This species also occurs in the Santonian Gingin Chalk of the Perth Basin 
(Neale, 1972), and the Santonian to Campanian Toolonga Calcilutite and the Campanian 
Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 1972). The occurrence of 
Majungaella annula Bate, 1972 in the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin extends its range from the Santonian to the Late 
Maastrichtian. 
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In the Santonian to Maastrichtian the genus also occurs in the deep-water fan sediments 
of the KUDU-9A3 borehole near the mouth of the Orange River, southwest Africa, 
James Ross Island of Antarctica, the San Jorge Gulf Basin and the Austral Basin of 
southern Argentina, the Neuquén Basin of west-central Argentina, the Santos Basin of 
southeast Brazil and the Sergipe Basin of northeast Brazil (Miller et al., 2002; Whatley 
et al., 2005). Dingle (2009) also described three species of Majungaella from the latest 
Maastrichtian of the North and South Islands of New Zealand, but in the Cenozoic this 
Gondwanan genus is restricted to Antarctica (Whatley et al., 2005) with the genus 
reported from the pre-glacial Eocene (Szczechura, 2001), glacial early Oligocene 
(Dingle & Majoran, 2001) and interglacial Pliocene (Szczechura & Blaszyk, 1996). 
 
Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin, 
Santonian to Campanian Toolonga Calcilutite, Campanian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Family COLLISARBORISIDAE Neale, 1975 
 
Genus COLLISARBORIS Neale, 1975 
 
Type species: Collisarboris cooki Neale, 1975, p. 18, Plate 8, Fig. 6; Plate 18, Figs. 3-5 
 
Collisarboris fimbriae sp. nov. 
(Plate 14, Figs. 6-10 & Plate 15, Figs. 1-5) 
 
Derivation of name: Latin fimbriae – frill. A reference to the ventrolateral frill. 
 
Diagnosis: Rotund carapace with an arched dorsal ridge, frilled ala, punctate and 
corrugated ornament and large eyespot. 
 
Holotype: An adult left valve (MG1401) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
 
Paratypes: An adult carapace (MG1403) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
     An adult right valve (MG1402) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
    An adult left valve (MG1404) and an adult right valve (MG1405) from the 
Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 28 (Depth: 135-140cm. 
Age: Late Maastrichtian). 
 
Topotypes: A juvenile right valve (MG1406) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
      A juvenile left valve (MG1407) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 6 (Depth: 25-30cm. Age: Late Maastrichtian). 
 
Other material: 193 valves (juveniles and adults, a few damaged) from the KG-1 
outcrop. 
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Dimensions   Length (mm) Height 
(mm) 
Paratype, adult right valve MG1402 Plate 14, Fig. 6 0.41 0.29 
Holotype, adult left valve MG1401 Plate 14, Fig. 7 0.40 0.28 
Paratype, adult carapace MG1403 Plate 14, Fig. 8 & 
Plate 15, Fig. 5 
0.39 0.25 
Paratype, adult left valve MG1404 Plate 14, Fig. 9 & 
Plate 15, Fig. 1 
0.40 0.28 
Paratype, adult right valve MG1405 Plate 14, Fig. 10 & 
Plate 15, Fig. 2 
0.39 0.28 
Topotype, juvenile right valve MG1406 Plate 15, Fig. 3 0.27 0.20 
Topotype, juvenile left valve MG1407 Plate 15, Fig. 4 0.30 0.21 
 
Description: Ovate lateral outline with an arched dorsal ridge obscuring most of the 
straight hinge line and a frilled ala, with a deep furrow on the inner flank, obscuring the 
convex ventral margin with a subtle medial concavity. Short ribs cut across the furrow 
behind an anterior marginal rim, and in the right valve also radiate out from the anterior 
marginal rim to the edge of the anterior margin. The anterior margin is broadly rounded 
and slightly extended anteroventrally. The posterior margin is slightly more narrowly 
rounded and truncated posterodorsally. 
 
The valves are strongly convex and deepest in the ventromedian area. The line of 
greatest length and height passes through midpoint. 
 
The surface is punctate and there are short ribs radiating out from the dorsal ridge 
towards mid-height, which make the dorsolateral region look corrugated. The eye spot in 
the anterodorsal region is circular and large (Plate 14, Figure 8). 
 
The hinge is antimerodont with an accommodation groove in the left valve (Plate 15, 
Figure 1) and a strong accommodation shelf in the right valve (Plate 15, Fig re 2). A 
broad inner lamellae is visible but the details of muscle scar pattern cannot be seen. 
 
Remarks: Collisarboris fimbriae, unlike other members of this genus, is more rotund 
and strongly ornamented (i.e. punctate, corrugated and frilled), with a large distinctive 
eye spot and an arched dorsal ridge obscuring the straight hinge line in both valves. In 
Collisarboris fimbriae the compressed anterior marginal area is characterized by a 
marginal rim and short, cross-cutting ribs. In comparison, Collisarboris? stanleyensis 
Dingle, 1984, Collisarboris cooki Neale, 1975 and Collisarboris riedeli (Swain, 1973) 
all have compressed anterior margins with an anterior marginal rim, but Collisarboris? 
stanleyensis Dingle, 1984 also has a narrow frilled border. They all have almost straight 
dorsal margins, except for the dorsal margin of the left valve of Collisarboris? 
stanleyensis Dingle, 1984, which is convex. Collisarboris? stanleyensis Dingle, 1984 
and Collisarboris riedeli (Swain, 1973) are smooth to punctate and blind, whereas 
Collisarboris cooki Neale, 1975 has concentric carinae and a small eyespot. 
 
Collisarboris? stanleyensis Dingle, 1984 is the earliest known record of this genus and it 
occurs in the Middle to Late Albian of DSDP 327 on the Falkland Plateau (Dingle, 
1984). Dingle (1984) had tentatively assigned this species to the genus Collisarboris due 
to its ovate, neocytherid shape, antimerodont hinge, accommodation groove in the left 
valve, accommodation shelf in the right valve, carinate ala and smooth to punctate shell 
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suface. Collisarboris? stanleyensis Dingle, 1984 was also recorded in the Late Albian of 
ODP 763B on the Exmouth Plateau (Damotte, 1992) and the author has retrieved it from 
the Gearle Siltstone Equivalent on the Exmouth Plateau in the Early to Late Cenomanian 
of Eendracht-1 and the Middle Cenomanian of Scarborough-1. 
 
The type species Collisarboris cooki Neale, 1975 was identified in the Santonian Gingin 
Chalk of the Perth Basin (Neale, 1975), whilst Collisarboris riedeli (Swain, 1973) was 
collected from the Lower to Upper Maastrichtian sediments of the Shatsky Rise in the 
northwest Pacific Ocean (Swain, 1973, 1983). 
 
Collisarboris sp., which also occurs in the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin, has a compressed anterior marginal area without an anterior 
marginal rim, an almost straight dorsal margin in the left valve and a convex dorsal 
margin in the right valve (i.e. the opposite of Collisarboris? stanleyensis Dingle, 1984), 
a finely punctate surface except for a row of large fossae on the inner flank of the ala, a 
roundly acuminate posterior margin like Collisarboris? stanleyensis Dingle, 1984, and 
no eyespot. 
 
This genus has an Austral distribution in the Middle to Late Albian, with occurrences on 
the Falkland and Exmouth Plateaus, and subsequently migrates into the northwest 
Pacific Ocean during the Maastrichtian. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Collisarboris sp. 
(Plate 22, Figs. 6-9) 
 
Material: Seventeen valves (juveniles and adults) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 22, Fig. 6 0.49 0.34 
Adult right valve Plate 22, Fig. 7 0.50 0.33 
Penultimate instar left valve Plate 22, Fig. 8 0.43 0.26 
Penultimate instar right valve Plate 22, Fig. 9 0.41 0.25 
 
Short description and remarks:  This blind Collisarboris species has a broadly rounded, 
compressed anterior margin, an almost straight dorsal margin in the left valve, a convex 
dorsal margin in the right valve, a roundly acuminate posterior margin, a sinuous ventral 
margin, a finely punctate surface except for a row of large fossae on the inner flank of 
the ala, an antimerodont hinge, an accommodation groove in the left valve, and an 
accommodation shelf in the right valve. 
 
Collisarboris sp. closely resembles Collisarboris riedeli (Swain, 1973), from the Lower 
to Upper Maastrichtian sediments of the Shatsky Rise in the northwest Pacific Ocean 
(Swain, 1973, 1983), except that the latter has an all-encompassing marginal rim and 
scattered coarser puncta dorsomedially. 
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Collisarboris sp. has a convex dorsal margin in the right valve and an almost straight 
dorsal margin in the left valve, which is the opposite in Collisarboris? stanleyensis 
Dingle, 1984). In comparison with Collisarboris? stanleyensis Dingle, 1984), 
Collisarboris sp. does not have scattered large puncta near a slight median sulcus but 
instead a row of large fossae on the inner flank of the ala. 
 
Unlike the other Western Australian Collisarboris species, Collisarboris sp. is blind and 
not as strongly ornamented.    
  
Collisarboris sp. also has some resemblance to the shallow water species Pelecocythere 
parageios Neil, 1997, from the upper Paleocene Pebble Point Formation of the Otway 
Basin, Victoria (Neil, 1997), except that Collisarboris sp. has a compressed anterior 
marginal area and thicker alae with a row of large fossae on their inner flank, rather than 
narrow alae with a single row of twelve or more puncta. From the Northern Carnarvon 
Basin, the author has also retrieved a punctate species similar to Collisarboris sp. in the 
Middle Campanian to Lower Maastrichtian Upper Cretaceous Claystones of Zeewulf-1 
and the Upper Campanian Korojon Calcarenite of Outtrim-1. 
 
The genus Collisarboris and Pelecocythere both have antimerodont hinges with an 
accommodation groove in the left valve and alae, although the first is smaller with a 
compressed anterior marginal area, and the latter has larger, carinate alae, perforated by 
large pore canals, extending from the anterior margin to the posterior margin, and 
forming a flattened, longitudinally-ridged, ventral surface. Both Collisarboris and 
Pelecocythere have a Gondwanan origin, with Collisarboris first appearing in the 
Middle to Late Albian of the Falkland and Exmouth Plateaus and Pelecocythere first 
appearing in the Santonian of Western Australia and Brazil. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family PECTOCYTHERIDAE Hanai, 1957 
 
Genus PARAMUNSEYELLA Bate, 1972 
 
Type species: Paramunseyella austracretacea Bate, 1972, p. 32, Plate 10, Figs. 5-13; 
text-figs. 18A-C 
 
The genus Paramunseyella was erected by Bate (1972) and emended by Neale (1975). It 
is a pectocytherid with a convex, oval or rectangular carapace that is highest in its 
anterior half and longest below its midpoint, and that has a broad flattened area below its 
anterior cardinal angle and weak, shallow, mid-dorsal depression (Bate, 1972; Neale, 
1975). As indicated by Bate (1972), some species have an anterior marginal ridge with a 
deep furrow behind it and a denticulate posteroventral margin. 
 
The genus first appears, along with fellow pectocytherid Ginginella, in SWC-38 of 
Eendracht-1, in the Upper Cenomanian Rotalipora extinction Planktonic Foraminiferal 
Subzone, during the second stage of the Cenomanian/Turonian boundary event. By the 
Santonian it is represented in Western Australia by three species, Paramunseyella 
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austracretacea Bate, 1972, Paramunseyella prideri Neale, 1975 and the Genus B sp. of 
Bate (1972). By the Campanian Paramunseyella exmouthensis Damotte, 1992 appears 
and by the Late Maastrichtian there are four more new species, which have been left in 
open nomenclature here. Beyond this region the genus probably occurs in the Middle to 
Late Campanian of James Ross Island, Antarctica (Fauth et al., 2003, Plate 2, Figure 19, 
recorded as Indet. gen. et sp. A), the Maastrichtian bathyal sediments of ODP 689B on 
Maud Rise, 750km north of East Antarctica (Majoran & Widmark, 1998, Fig. 4.6, 
recorded as Falsobuntonia? sp.) and the middle Eocene of the continental shelf off 
Natal, South Africa (Dingle, 1976, Fig. 11.26, recorded as Gen. Indet. 5 sp. 1). 
 
The genus Ginginella Neale, 1975 also occurs in the Santonian of Western Australia 
(Bate, 1972, recorded as Genus A sp.; Neale, 1975), the Campanian to Maastrichtian of 
ODP 689B on Maud Rise, 750km north of East Antarctica (Majoran et al., 1997, Fig. 4I, 
recorded as Genus indet. 1; Majoran & Widmark, 1998, Fig. 4.10) and here in the Late 
Maastrichtian of the Southern Carnarvon Basin. 
 
Neale (1975) had suggested that “Australia was a centre of evolution” for the 
pectocytherid family, and its earliest known occurrence and subsequent diversity in this 
region supports this observation. 
 
Paramunseyella sp. 1 
(Plate 15, Figs. 6-10) 
 
Material: Eighteen specimens (juveniles and adults, valves and carapaces, some 
fragments) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adults carapace Plate 15, Fig. 6 0.48 0.21 
Adults right valve Plate 15, Fig. 7 0.47 0.22 
Adult left valve Plate 15, Fig. 8 0.54 0.27 
Adults right valve Plate 15, Fig. 9 0.48 0.22 
Adults left valve Plate 15, Fig. 10 0.51 0.25 
 
Short description and remarks: Paramunseyella sp. 1 is an elongate oval with a broadly 
rounded anterior margin, a very gently convex dorsal margin that tapers towards a 
narrow posterior margin with a stumpy posteroventral spine, a very slight concavity in 
front of the anterior cardinal angle of the right valve, and an inflated, punctate, medial 
area with a short ridge anteroventrally and a convex, curved, smooth ventral underside 
that separates it from the smooth, flattened anteroventral and posteroventral marginal 
areas. The anterior marginal area is broad, smooth and compressed, whilst the smooth 
posterior marginal area is not as broad nor compressed posterodorsally. Paramunseyella 
sp. 1 resembles Paramunseyella prideri Neale, 1975, from the Santonian Gingin Chalk 
of the Perth Basin (Neale, 1975) and the Middle Campanian Calcareous Claystone of 
Outtrim-1 of the Northern Carnarvon Basin (this study), except that the latter has a 
curved ventral ridge and the first has a smaller punctate area on the main body of the 
valve. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Paramunseyella sp. 2 
(Plate 16, Fig. 1) 
 
Material: An adult left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 16, Fig. 1 0.51 0.28 
 
Short description and remarks: Paramunseyella sp. 2 is more ovate than Paramunseyella 
sp. 1, with a broadly rounded anteior margin, a very gently convex dorsal margin that 
tapers towards a narrow posterior margin, and a more strongly inflated, punctate, medial 
area that does not have a short ridge anteroventrally. The smooth anterior marginal area 
is bordered by a marginal ridge and only flattened anteroventrally. Compared with 
Paramunseyella austracretacea Bate, 1972, from the Santonian Toolonga Calcilutite of 
the Southern Carnarvon Basin (Bate, 1972), the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975) and the Middle Campanian Calcareous Claystone of Outtrim-1 of 
the Northern Carnarvon Basin (this study), it is more swollen with a thinner anterior 
marginal ridge and not as compressed anterior marginal area. It also lacks the slightly 
swollen anterior cardinal angle of Paramunseyella austracretacea Bate, 1972. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Paramunseyella sp. 3 
(Plate 16, Figs. 2-4) 
 
1972 Genus B sp. Bate, p. 78, Plate 20, Fig. 11; Plate 21, Figs. 1-4;  
Plate 22, Figs. 7-8 
1991 Genus B sp. Bate, 1972; Neale in Haig, Plate 8, Fig. 15 
 
Material: An adult carapace and a damaged adult right valve from Zeewulf-1 and a 
penultimate instar carapace and a juvenile carapace from Eendracht-1. 
 
Dimensions  Length (mm) Height (mm) 
Adult carapace Plate 16, Fig. 2 0.62 0.26 
Penultimate instar carapace Plate 16, Fig. 3 0.55 0.26 
Juvenile carapace Plate 16, Fig. 4 0.42 0.24 
 
Remarks: Neale (1975) considered the Genus B sp. of Bate (1972), from the Santonian 
Toolonga Calcilutite and the Campanian Korojon Calcarenite of the Southern Carnarvon 
Basin, a new species of Paramunseyella. In the Northern Carnarvon Basin, the author 
has retrieved specimens from the Early Campanian to Late Maastrichtion. This consists 
of the material noted above and two juvenile carapaces from the Lower Campanian 
Upper Cretaceous Marls of Zeewulf-1, a juvenile carapace from the Upper Campanian 
Korojon Calcarenite of Outtrim-1, and a juvenile carapace from the Lower Maastrichtian 
Upper Cretaceous Carbonates of Eendracht-1. The specimens illustrated by Bate (1972) 
are smooth to faintly reticulate, but not punctate. In this study, smooth variants occur in 
Eendracht-1 on the Exmouth Plateau, whilst reticulate variants occur closer to shore in 
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Zeewulf-1 and Outtrim-1. As indicated by Damotte (1992), Bate’s (1972) specimens are 
probably juveniles, especially given the weak hinge and ornamentation noted by Neale 
(1975). 
 
Stage and stratigraphic distribution: Santonian Toolonga Calcilutite of the Southern 
Carnarvon Basin, Campanian Korojon Calcarenite of the Southern and Northern 
Carnarvon Basin, Lower Campanian Upper Cretaceous Marls, Lower to Upper 
Maastrichtian Upper Cretaceous Carbonates and Upper Maastrichtian Upper Cretaceous 
Claystones of the Northern Carnarvon Basin. 
 
Paramunseyella exmouthensis Damotte, 1992 
(Plate 16, Figs. 5-8) 
 
 1992 Paramunseyella? exmouthensis Damotte, p. 827, Plate 2, Figs. 1-6 
 
Material: A right valve from Zeewulf-1 and three left valves (one damaged), two right 
valves and a juvenile carapace from Eendracht-1. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 16, Fig. 5 0.56 0.30 
Adult left valve Plate 16, Fig. 6 0.59 0.31 
Adult right valve Plate 16, Fig. 7 0.58 0.31 
Adult left valve Plate 16, Fig. 8 0.61 0.32 
 
Remarks: Damotte (1992) originally queried the assignation of this species to the genus 
Paramunseyella due to its larger dimensions, but there is no doubt that this is a 
Paramunseyella. Damotte (1992) retrieved this species from the Upper Cretaceous 
Carbonates in the Early Campanian to Late Maastrichtian of ODP 762C and the Early to 
Late Campanian of ODP 763B on the Exmouth Plateau, and the Early Maastrichtian of 
ODP 761B and the Late Maastrichtian of ODP 764A and on the Wombat Plateau. 
Elsewhere in the Northern Carnarvon Basin, the author retrieved specimens from the 
Middle Campanian to Late Maastrichtian. This consists of the material noted above and 
a carapace, four left valves (two damaged), three right valves (one damaged), a juvenile 
right valve and five fragments from the Middle Campanian to Lower Maastrichtian 
Upper Cretaceous Carbonates of Eendracht-1. 
 
Stage and stratigraphic distribution: Lower Campanian to Upper Maastrichtian Upper 
Cretaceous Carbonates of the Northern Carnarvon Basin. 
 
Paramunseyella sp. 4 
(Plate 16, Figs. 9-10) 
 
Material: An adult right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 16, Figs. 9 & 10 0.46 0.22 
 
Short description and remarks: This subrectangular Paramunseyella species has the 
slightly swollen anterior cardinal angle and anterior marginal ridge of Paramunseyella 
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austracretacea Bate, 1972, from the Santonian Toolonga Calcilutite of the Southern 
Carnarvon Basin (Bate, 1972), the Santonian Gingin Chalk of the Perth Basin (Neale, 
1975) and the Middle Campanian Calcareous Claystone of Outtrim-1 of the Northern 
Carnarvon Basin (this study), but it does not have the denticulate posteroventral margin, 
the ornament is more coarsely reticulate and the anterodorsal area is not as compressed 
with the anterior marginal furrow only commencing at mid-height. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Paramunseyella sp. 5 
(Plate 17, Figs. 1-2) 
 
Material: An adult right valve and an adult left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 17, Fig. 1 0.42 0.19 
Adult left valve Plate 17, Fig. 2 0.43 0.20 
 
Short description and remarks: The subrectangular Paramunseyella sp. 5 has the slightly 
swollen anterior cardinal angle and anterior marginal ridge of Paramunseyella sp. 4, also 
from the Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin, and 
Paramunseyella austracretacea Bate, 1972, from the Santonian Toolonga Calcilutite of 
the Southern Carnarvon Basin (Bate, 1972), the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975) and the Middle Campanian Calcareous Claystone of Outtrim-1 of 
the Northern Carnarvon Basin (this study). However, whilst the anterodorsal marginal 
area is flattened like that in Paramunseyella austracretacea Bate, 1972, it does not have 
a marginal ridge. Like Paramunseyella sp. 4, it does not have a denticulate 
posteroventral margin. Due to a short anteroventral ridge that connects with the anterior 
marginal ridge it has an even shorter anterior marginal furrow than Paramunseyella  
sp. 4. Unique features, in comparison with the other Paramunseyella species described 
here, are the scattering of the puncta and the concavity of the ventral margin.  
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus A sp. 
(Plate 18, Figs. 3-4) 
 
Material: One right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Right valve Plate 18, Figs. 3 & 4 0.36 0.16 
 
Short description and remarks: This elongate right valve with an anteior marginal ridge 
and furrow, acuminate posterior, elongate posterodorsal node and a ventrolateral ridge 
that thickens at its posterior extremity, resembles the Genus A sp. of Neale (1975) from 
the Santonian Gingin Chalk of the Perth Basin, except that the first has fine pits within 
the irregularly reticulate ornament. These two species may be related to Paramunseyella  
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sp. 5, although in that punctate species the anterior marginal rim, posterodorsal node and 
ventrolateral ridge are not as strongly developed. 
 
Similar species occur in the Campanian to Maastrichtian bathyal sediments of ODP 
689B on Maud Rise, 750km north of East Antarctica (Majoran et al., 1997, Fig. 4J, 
recorded as Genus indet. 2; Majoran & Widmark, 1998, Figs. 4.7-4.9, recorded as Genus 
indet. A), the Upper Maastrichtian bathyal sediments of ODP 698A on the Northeast 
Georgia Rise (Majoran et al., 1997, recorded as Genus indet. 2; Majoran et al., 1998, 
Plate 3, Figs.7a-b, recorded as Indet. gen. et sp. c) and the middle Maastrichtian of 
DSDP 327A on the Falkland Plateau (Majoran et al., 1998, Plate 2, Figs.3a-b, recorded 
as Indet. gen. et sp. c). 
 
These species probably represent a new genus with a Santonian to Maastrichtian range 
and a distribution that reflects the influence of cold, oxygenated Antarctic waters 
flowing northwards along the northwestern Australian margin. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus PREMUNSEYELLA Bate, 1972 
 
Type species: Premunseyella ornata Bate, 1972, p. 34, Plate 11, Figs. 1-4, 7-9 & 11; 
text-figs. 19A-B 
 
Premunseyella sp. 1 
(Plate 17, Figs. 3-7) 
 
Material: 65 specimens (juveniles and adults, valves and carapaces, some fragments) 
from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Adult right valve Plate 17, Fig. 3 0.47 0.23 
Adult left valve Plate 17, Fig. 4 0.48 0.28 
Adult right valve Plate 17, Fig. 5 0.46 0.24 
Adult left valve Plate 17, Fig. 6 0.45 0.25 
Adult carapace Plate 17, Fig. 7 0.46 0.24 
 
Short description and remarks: The quadrate, coarsely reticulate Premunseyella sp. 1 has 
a broadly rounded anterior margin, a very slight concavity in front of the anterior 
cardinal angle of the right valve, an almost straight dorsal margin, an elevated 
posterodorsal projection, an almost vertical posterior margin with short spines at the 
posteroventral extremity, and two closely spaced anteior marginal ridges, with a broad 
and deep furrow behind them, that extend backwards along the ventral margin and then 
curve upwards to merge with a posteroventral ridge that turns back down towards the 
posteroventral extremity and continues upwards to the posterodorsal projection. It 
resembles Premunseyella imperfecta Bate, 1972, from the Santonian Gingin Chalk of 
the Perth Basin (Neale, 1975), the Campanian Korojon Calcarenite of the Southern 
Carnarvon Basin (Bate, 1972), the Santonian Upper Cretaceous Marls of Zeewulf-1, the 
Upper Santonian to Lower Campanian Upper Cretaceous Carbonates of Scarborough-1 
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and the Middle Campanian Calcareous Claystone of Outtrim-1 of the Northern 
Carnarvon Basin (this study), and possibly the upper Paleocene Pebble Point Formation 
of the Otway Basin, Victoria (Neil, 1997). However, Premunseyella sp. 1 has a much 
deeper furrow behind two closely-spaced anterior marginal ridges, rather than a single 
anterior marginal ridge, and is coarsely reticulate, rather than punctate. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Premunseyella sp. 2 
(Plate 17, Fig. 8) 
 
1992 Eucytherura? aff. pyramidatus Dingle, 1981, Damotte, p. 829,  
Plate 4, Fig. 6 
 
Material: A carapace from Eendracht-1. 
 
Dimensions   Length (mm) Height (mm) 
Carapace Plate 17, Fig. 8 0.44 0.20 
 
Remarks: Damotte (1992) expressed doubts about assigning the Exmouth Plateau 
specimens to the genus Eucytherura Müller, 1894, and the quadrate lateral outline and 
“pyramid-shaped posterodorsal process” indicate that this species belongs to the genus 
Premunseyella, despite the thick anterior marginal ridge not extending ventrally. 
Compared with Premunseyella ornata Bate, 1972, from the Santonian Toolonga 
Calcilutite of the Southern Carnarvon Basin (Bate, 1972), the latter has a thick anterior 
marginal ridge that extends ventrally and the anterior region just behind the deep 
marginal furrow is not punctate. 
 
Whilst Damotte (1992) only retrieved this species from the Upper Maastrichtian Upper 
Cretaceous Carbonates of ODP 762C, this author has retrieved it from the Late 
Campanian to Late Maastrichtian of the Northern Carnarvon Basin. Along with the 
carapace noted above, this consists of a carapace and juvenile left valve from the Lower 
Campanian Upper Cretaceous Marls of Zeewulf-1, two carapaces from the Upper 
Campanian Korojon Calcarenite of Outtrim-1, and a carapace, a right valve and two 
juvenile fragments from the Lower Maastrichtian Upper Cretaceous Carbonates of 
Eendracht-1. 
 
Stage and stratigraphic distribution: Lower Campanian Upper Cretaceous Marls, Upper 
Campanian Korojon Calcarenite and Lower to Upper Maastrichtian Upper Cretaceous 
Carbonates of the Northern Carnarvon Basin. 
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Genus MUNSEYELLA van den Bold, 1957 
 
Type species: Toulminia hyalokystis Munsey, 1953, p. 6, Plate 2, Figs. 26-27; text-fig. 1  
 
Munseyella sp. 1 
(Plate 17, Fig. 9) 
 
Material: A juvenile carapace from Eendracht-1. 
 
Dimensions   Length (mm) Height (mm) 
Juvenile carapace Plate 17, Fig. 9 0.33 0.16 
 
Short description and remarks: This juvenile, subtriangular Munseyella carapace, with 
an anterior marginal rim and furrow, a ventrolateral ridge, and an anterodorsal tubercle, 
resembles the juvenile right valve of Munseyella tuberculata Neale, 1975, from the 
Santonian Gingin Chalk of the Perth Basin, illustrated by Neale (1975) in Plate 1, Figure 
6, except that the latter is not reticulate. 
 
Along with the juvenile carapace noted above, the author has also retrieved a juvenile 
right valve from the Upper Santonian to Lower Campanian Upper Cretaceous 
Carbonates of Scarborough-1, two juvenile carapaces from the Lower Campanian Upper 
Cretaceous Marls of Zeewulf-1, and a juvenile carapace from the Lower Maastrichtian 
Upper Cretaceous Carbonates of Eendracht-1. 
 
Neil (1997) described a strongly reticulate Munseyella species, Munseyella kleithria 
Neil, 1997, from the upper Paleocene Pebble Point Formation of the Otway Basin, 
Victoria, and noted that most Cenozoic Munseyella species of southeastern Australia and 
New Zealand are “either punctate, punctate-reticulate or have large, rounded ridges.” He 
also noted that this genus was well represented in the late Paleocene (Neil, 1997) and 
Eocene (McKenzie et al., 1993) of the Otway Basin area. 
 
Stage and stratigraphic distribution: Upper Santonian to Upper Maastrichtian Upper 
Cretaceous Carbonates and Lower Campanian Upper Cretaceous Marls of the Northern 
Carnarvon Basin. 
 
Munseyella sp. 2  
(Plate 17, Fig. 10) 
 
Material: A juvenile left valve from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Juvenile left valve Plate 17, Fig. 10 0.29 0.16 
 
Remarks: This juvenile Munseyella left valve resembles Munseyella sp. 1, except that it 
has a punctate rather than reticulate ornament. They are probably variants of the same 
species. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Munseyella sp. 3  
(Plate 17, Fig. 11) 
 
Material: A juvenile carapace from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Juvenile carapace Plate 17, Fig. 11 0.31 0.16 
 
Remarks: This juvenile Munseyella carapace resembles Munseyella sp. 2, except that it 
does not have a tuberculate dorsal region and it has three vertical furrows in the 
posterior region. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Munseyella sp. 4 
(Plate 18, Figs. 5-8) 
 
Material: Three left valves and three right valves from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Adult right valve Plate 18, Fig. 5 0.38 0.18 
Adult left valve Plate 18, Fig. 6 0.37 0.18 
Adult right valve Plate 18, Fig. 7 0.40 0.19 
Adult left valve Plate 18, Fig. 8 0.37 0.18 
 
Short description and remarks: These quadrate Munseyella valves have a very distinctive 
ornament. They have an almost straight dorsal margin that tapers towards an almost 
vertical posterior margin with a denticulate posteroventral margin. The dorsal marginal 
ridge continues around the broadly rounded anteior margin and bifurcates 
anteroventrally, with one branch turning upwards onto the lateral surface and merging 
with the ventral end of a short, transverse, posteroventrally-directed ridge that originates 
beneath the centre of the valve, and the other branch continuing along the ventral margin 
to the posteroventral extremity where it merges with the base of a thick, posterodorsal 
tubercle. A smaller, ovoid tubercle is situated posteromedially, between the thick, 
posterodorsal tubercle and the short posteroventrally-directed ridge. Four furrows are 
located behind the anterior marginal ridge and are separated by short ridges that radiate 
out from the anterior marginal ridge. The remainder of the valve surface is punctate. 
 
The arrangement of the ribs in the posterior half of the valves resembles that of 
Munseyella dunoona McKenzie et al., 1993, from the late Paleocene to late Eocene of 
South Australia, Victoria and New Zealand (McKenzie et al., 1993; Ayress, 1995; 
Majoran, 1995, 1996a; Neil, 1997; Eglington, 2006). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Genus GINGINELLA Neale, 1975 
 
Type species: Ginginella ginginensis Neale, 1975, p. 41, Plate 1, Fig. 8;  
Plate 6, Figs. 1-3 
 
Ginginella sp. 
(Plate 18, Figs. 1-2) 
 
Material: Two juvenile carapaces from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Juvenile carapace Plate 18, Fig. 1 0.31 0.16 
Juvenile carapace Plate 18, Fig. 2 0.32 0.16 
 
Short description and remarks: These two juvenile Ginginella carapaces are quadrate 
with a straight dorsal margin, broadly rounded anterior margin, steeply inclined 
posterodorsal margin and gently convex posteroventral margin. The thick anterior 
marginal ridge extends up onto the ventrolateral surface and terminates above the 
posterior margin at about mid-height. A deep furrow occurs behind the anterior and 
anteroventral margin, and the anterior margin of left valve has a flange. The anterior 
region behind the furrow is smooth but the posterior region is dominated by three ribs 
and a posterodorsal tubercle. They resemble juveniles of Ginginella ginginensis Neale, 
1975, from the Santonian Gingin Chalk of the Perth Basin (Neale, 1975) and the 
Santonian Toolonga Calcilutite of the Southern Carnarvon Basin (Bate, 1972), except 
that they have an extra rib in the posteromedially. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family BYTHOCYTHERIDAE Sars, 1926 
Subfamily CYTHERALISONINAE Jellinek & Swanson, 2003 
 
The Family Bythocytheridae are the oldest living group of the Superfamily Cytheroidea, 
“are exclusively marine and are found from littoral to abyssal depths” and, like the 
cytherellids, they have a greater tolerance to ecological pressures (Boomer et al., 1995). 
 
Genus DEBISSONIA Jellinek & Swanson, 2003 
 
Type species: Cytheralison pravacauda Hornibrook, 1952, p. 66,  
Plate 18, Figs. 285-286 & 288  
 
Debissonia alata sp. nov. 
(Plate 19, Figs. 1-8) 
 
1972 Cytheralison contorta Bate, Plate 13, Fig. 3 (non Plate 11, Figs. 12-13; 
Plate 12, Figs. 1-2, 4 & 8; text-figs. 13A-C) 
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Derivation of name: Latin alatus – winged. A reference to the posteroventrally projected 
alae, which are most obvious in the juvenile stages. 
 
Diagnosis: Large, subquadrate, strongly inflated carapace with spinose flange 
anteroventrally, short caudal process situated above mid-height, upstanding ridge that 
extends downwards from the dorsal margin onto the anterior and posterior marginal 
areas, honey-combed lattice of hexagonal-shaped cells covered by a thin shell layer that 
opens externally via narrow slits, several ridges on the ventrolateral surface and in the 
posteroventral region a posteroventrally projected alate structure. A long, narrow slit 
along the shallow median sulcus indicates the position of the muscle scar pattern. 
Lophodont hinge. Both valves have a prominent selvage and flange around the 
periphery. 
 
Holotype: An adult left valve (MG5901) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
  
Paratypes: A adult left valve (MG5903) from the Miria Formation of the UWA Cardabia 
stratigraphic hole, MF/CRB/2 (Depth: 53.40m. Age: Late Maastrichtian). 
      A adult right valve (MG5905) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 17 (Depth: 80-85cm. Age: Late Maastrichtian). 
      A adult right valve (MG5904) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 28 (Depth: 135-140cm. Age: Late Maastrichtian). 
 
Topotypes: A penultimate instar carapace (MG5902) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 8 (Depth: 35-40cm. Age: Late Maastrichtian). 
      A juvenile left valve (MG5906) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 22 (Depth: 105-110cm. Age: Late Maastrichtian). 
            A juvenile right valve (MG5907) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 23 (Depth: 110-115cm. Age: Late Maastrichtian). 
 
Other material: Four adult left valves (one damaged), 37 juvenile left valves (14 
damaged), the posterior part of six juvenile left valves, the anterior part of two juvenile 
left valves, two juvenile left valve fragments, the posterior part of an adult right valve, 
40 juvenile right valves (16 damaged), the posterior part of three juvenile right valves 
and the anterior part of two juvenile right valves from the KG-1 outcrop. Three juvenile 
left valves (one damaged), a juvenile left valve fragment, four juvenile right valves (two 
damaged), the posterior part of a juvenile right valve and a juvenile right valve fragment 
from the UWA Cardabia stratigraphic hole. 
 
Dimensions   Length (mm) Height 
(mm) 
Holotype, adult left valve MG5901 Plate 19, Figs. 1 & 5 0.94 0.52 
Topotype, penultimate instar carapace MG5902 Plate 19, Fig. 2 0.68  
Paratype, adult left valve MG5903 Plate 19, Fig. 3 0.86 0.50 
Paratype, adult right valve MG5904 Plate 19, Fig. 4 0.83 0.50 
Paratype, adult right valve MG5905 Plate 19, Fig. 6 0.87 0.48 
Topotype, juvenile left valve MG5906 Plate 19, Fig. 7 0.43 0.26 
Topotype, juvenile right valve MG5907 Plate 19, Fig. 8 0.42 0.25 
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Description: Large, subquadrate, strongly inflated carapace, with almost parallel dorsal 
and ventral margins in the adults, a broadly rounded anterior margin and a caudate 
posterior margin. The juveniles are subtriangular with a tapered posterior and more 
strongly developed posteroventrally projected alate structure. The anterior margin has a 
spinose flange, which is particularly well-developed anteroventrally. The dorsal part of 
the posterior margin is concave, whilst the ventral part of the posterior margin is almost 
straight. The short caudal process is situated above mid-height. The ventral margin has a 
gentle medial concavity. The dorsal margin is straight with an upstanding ridge that 
extends downwards onto the anterior and posterior marginal areas. 
 
The line of greatest length lies just above mid-height and the line of greatest height lies 
within the anterior third of the valve. The greatest width occurs in the posteroventral 
region, in association with the alate structures. 
 
The valves have the typical Cytheralison ornament of hexagonal-shaped cells covered 
by a thin shell layer that open externally via narrow slits. The hexagonal-shaped cells of 
the honey-combed lattice are not visible in the figured specimens, as the gold coating 
added for scanning electron microscope imaging obscures them. However, they are 
clearly visible under the light microscope. On the ventrolateral surface there are several 
ridges and in the posteroventral region a posteroventrally projected alate structure. A 
long, narrow slit along the shallow median sulcus indicates the position of the muscle 
scar pattern, although the muscle scar pattern was not visible internally upon the ridge 
made by the median sulcus. 
 
No evidence of sexual dimorphism was observed. 
 
Internally, the line of concrescence and inner margin coincide. Both valves have a 
prominent selvage, and a flange, which is particularly well-developed anteroventrally 
and incorporates the caudal process. The selvage cuts across the caudal process so that 
when the valves are closed the caudal chamber is isolated from the main carapace 
chamber. The left valve has an accommodation groove for the selvage of the smaller 
right valve. 
 
The hinge in the left valve consists of a smooth median bar and two terminal sockets, 
whilst that of the right valve consists of a complementary median groove with two 
terminal teeth. 
 
Remarks: Jellinek and Swanson (2003) established the family Cytheralisonidae to 
incorporate two genera, Cytheralison Hornibrook, 1952 and Debissonia Jellinek & 
Swanson, 2003, which based on the distinctive muscle scar pattern of five, interlocking, 
triangular or wedge-shaped scars, differentiated these two genera from members of the 
family Bythocytheridae. This author, like Schornikov (1988, 1990), believes that these 
two genera are bythocytherids, but that they belong to the subfamily Cytheralisoninae. 
Cytheralison contorta Bate, 1972 from the Campanian Toolonga Calcilutite and 
Korojon Calcarenite of the Southern Carnarvon Basin was removed from the genus 
Cytheralison based on five reasons. The subquadrate shape, rather than subtriangular 
shape, and the caudal process situated above mid-height, rather than at or below mid-
height, is characteristic of the genus Debissonia. Jellinek and Swanson (2003) also list 
the lophodont, rather than heterodont, hinge as a reason for Cytheralison contorta Bate, 
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1972 not belonging to the genus Cytheralison, although both hinge types are diagnostic 
of the family and both genera. A fourth objection is that the “typical central slit-like 
foveolae are not visible” in Bate’s illustrations (Jellinek & Swanson, 2003). However, 
Bate (1972) notes that a “much larger slit marks position of muscle scars” on the valve 
surface. Jellinek & Swanson (2003) do not doubt that Cytheralison contorta Bate, 1972 
“resembles Cytheralison (especially the ornamentation)” but the muscle scar pattern 
“displays the “usual” cytherid pattern of five elongate scars arranged in a vertical row.” 
Bate (1972) notes that the muscle scars were difficult to determine but that one specimen 
(Io. 4528, text-fig. 13C) has an “oblique row of 5 scars.” This needs to be investigated 
further to determine the true shape of the muscle scars and if they are arranged vertically 
or obliquely. Although Cytheralison contorta Bate, 1972 is not listed by Jellinek and 
Swanson (2003) as belonging to the genus Debissonia, based on the shape of the 
carapace, the position of the caudal process and the absence of a spine at the 
posteroventral corner, this author believes that it should be, despite its Cytheralison-like 
ornamentation. 
 
Bate (1972) illustrates three adult valves in Plate 12, Figures 1, 2, 4 and 8, and two 
juveniles in Plate 11, Figures 12 and 13. The juveniles have a subtriangular shape, which 
is characteristic of the genus Cytheralison, whereas the adults have a subquadrate or 
subrectangular shape, which is characteristic of the genus Debissonia. Both the adults 
and juveniles have “contorted lateral ridges extending from antero-dorsal to postero-
ventral region” (Bate, 1972). Bate (1972) also noted that the development of dorsolateral 
ridges was lacking in some specimens (see Io. 4523 in Plate 13, Figure 3) and speculated 
that this might be a form of sexual dimorphism. However, Io. 4523 is an adult left valve 
of the new species Debissonia alata described here from the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin. 
 
It is possible that the genus Cytheralison evolved heterochronically from the genus 
Debissonia. That is, the subtriangular Cytheralison represents a sexually mature, 
subtriangular, juvenile stage of the subrectangular Debissonia. Cytheralison appears to 
be restricted to the middle Eocene to Recent of New Zealand, whereas Debissonia 
ranges from the Campanian to Recent in Australia, early Eocene to Recent in New 
Zealand, late Oligocene to Pliocene in the Marshall Islands of the west central Pacific 
Ocean, and Recent of the South Campbell Plateau and South Tasman Rise. 
 
Although Jellinek and Swanson (2003) also use the type of ornamentation to 
differentiate between the genera Cytheralison and Debissonia, as a diagnostic feature it 
is suspect. It appears that in terms of ornamentation, what differentiates Cytheralison 
from Debissonia, is not whether the honey-combed lattice consists of slit-like foveolae 
or rounded hexagaonal or polygonal fossae, or whether there is or isn’t an anteroventral 
flange with or without spines, but whether there is or isn’t a short, stout spine in the 
posteroventral corner of the valves. Based on this observation Cytheralison is 
subtriangular with a small caudal process at or below mid-height and a short, stout spine 
at the posteroventral corner. In contrast, Debissonia is subrectangular with a small 
caudal process above mid-height and with no spine at the posteroventral corner. 
 
The following Cytheralison species from New Zealand have the short, stout spine at the 
posteroventral corner: Cytheralison fava Hornibrook, 1952 from the middle Eocene to 
Recent (Hornibrook, 1952; Swanson, 1969, 1979; Jellinek & Swanson, 2003; Ayress, 
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2003), a heavily ridged Cytheralison species from the late Oligocene to early Miocene 
(Ayress, 1993b; Jellinek & Swanson, 2003; Ayress, 2006), Cytheralison amiesi 
Hornibrook, 1953 from the late Oligocene (Hornibrook, 1953; Ayress, 1993b; Jellinek & 
Swanson, 2003; Ayress, 2006), Cytheralison parafava Ayress, 1993 from the late 
Oligocene to early Miocene (Ayress, 1993b; Jellinek & Swanson, 2003; Ayress, 2003, 
2006), Cytheralison tehutui Jellinek & Swanson, 2003 from the Recent sediments of the 
southern Campbell Plateau (Jellinek & Swanson, 2003) and another ridged Cytheralison 
sp. from the Recent sediments of the eastern Campbell Plateau (Jellinek & Swanson, 
2003). The Campbell Plateau is a southeastern extension of the New Zealand 
subcontinent (Mazzini, 2005). 
 
Also in New Zealand are two species which Jellinek and Swanson (2003) note are 
intermediate between Cytheralison and Debissonia because they have the subtriangular 
shape and the caudal process at mid-height but they do not have a well-developed 
posteroventral spine: Cytheralison sp. from the late Eocene (Ayress, 1995; Jellinek & 
Swanson, 2003) and Cytheralison spinosa Ayress, 1993 from the late Oligocene to early 
Miocene (Ayress, 1993b; Jellinek & Swanson, 2003; Ayress, 2003, 2006). 
 
Consequently, Cytheralison with a short, stout spine at the posteroventral corner appear 
to be restricted to the middle Eocene to Recent of New Zealand, and intermediate forms 
between Cytheralison and Debissonia to the late Eocene to early Miocene of New 
Zealand. 
 
The species which Jellinek and Swanson (2003) include in the genus Debissonia are 
Debissonia pravacauda (Hornibrook, 1952) from the early Eocene to Recent of New 
Zealand (Hornibrook, 1952; Swanson, 1969), Debissonia sp. from the late Eocene of 
Victoria (McKenzie et al., 1993), a Debissonia sp. from the Oligocene of southern 
Australia (McKenzie, 1979; McKenzie et al., 1991), Debissonia corrugata (McKenzie 
et al., 1991) from the late Oligocene of Victoria (McKenzie et al., 1991) despite the 
observation that all three figured specimens “represent different species” (Jellinek & 
Swanson, 2003), the Debissonia pravacauda (Hornibrook, 1952) of Ayress (1993b, 
2006), from the late Oligocene to early Miocene of New Zealand, that is not conspecific 
with Debissonia pravacauda (Hornibrook, 1952) according to Jellinek and Swanson 
(2003), Debissonia hornibrooki Ayress, 2003 from the late Oligocene to early Miocene 
of New Zealand (Ayress, 1993b, 2003, 2006) and the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin, a Debissonia sp. without a caudal process 
from the Quaternary deposits of southern and southeastern Australia (McKenzie, 1974; 
McKenzie et al., 1990), Debissonia cosmetica (Yassini & Jones, 1987) from the 
Pliocene sediments of Victoria (Warne & Soutar, 2011) and Recent sediments of 
southeastern Australia (Yassini & Jones, 1987, 1995; Yassini et al., 1995; Neil, 2000a), 
Debissonia anserlagunae (McKenzie et al., 1990) without a caudal process from the 
Pleistocene sediments of Victoria and Recent sediments of southwestern Australia 
(Hartmann, 1979; McKenzie et al., 1990), and Debissonia fenestrata Jellinek & 
Swanson, 2003 with a Debissonia sp. from the Recent bathyal sediments of the southern 
Campbell Plateau (Jellinek & Swanson, 2003). Debissonia fenestrata Jellinek & 
Swanson, 2003 has also been recovered from the Recent circumpolar deep-waters of the 
South Tasman Rise (Mazzini, 2005). 
 
OSTRACOD TAXONOMY 
 
157 
Two other Debissonia species, which had originally been assigned to Cytheralison, also 
appear in the early Eocene of the Otway Basin, Victoria (Eglington, 2006): one 
resembles the Debissonia sp. from the late Eocene of Victoria (McKenzie et al., 1993), 
and the other Debissonia corrugata (McKenzie et al., 1991) from the late Oligocene of 
Victoria (McKenzie et al., 1991). The Cytheralison sp. illustrated by Warne (1989) from 
the middle Miocene of Victoria and “Bythocythere” bulba Swanson, 1978 from the 
Recent shallow marine sediments of Stewart Island, south of the New Zealand 
(Swanson, 1979), also belong to the genus Debissonia. Given that Cytheralison appears 
to be restricted to New Zealand, unillustrated references to Cytheralison in the late 
Eocene and Oligocene of South Australia (Majoran, 1996a, 1996b, 1997) and lower to 
middle Miocene and upper Pliocene inner shelf sediments of Victoria (Warne, 1993) 
probably belong to Debissonia. 
 
The Cytheralison sp. 1 illustrated by Whatley and Boomer (1995), from the bathyal 
sediments in the late Oligocene to Pliocene of ODP 872C and the middle Miocene of 
ODP 873B from the Marshall Islands of the west central Pacific Ocean, is very similar 
to the Debissonia sp. of Jellinek & Swanson (2003) from the Recent sediments of the 
southern Campbell Plateau, only with a more substantial upturned caudal process. The 
Debissonia cf. pravacauda (Hornibrook, 1952) of Mazzini (2005), from Recent 
sediments of Three Kings Island, north of New Zealand, is very similar to the 
Cytheralison sp. 1 of Whatley and Boomer (1995), especially in terms of the spike-like 
posteroventral process. Mazzini (2005) also noted that in very well preserved specimens 
of Debissonia cf. pravacauda (Hornibrook, 1952) the hinge elements are very finely 
crenulated, a feature that was previously observed by McKenzie (1974). Boomer et al. 
(1995) also record, but do not illustrate, four other Cytheralison species from the early 
Eocene to late Pliocene of the central and southwest Pacific Ocean, which may or may 
not belong to the genus Debissonia. 
 
Debissonia papillata, which also occurs in the Upper Maastrichtian Miria Formation of 
the Southern Carnarvon Basin, with Debissonia alata, has a poorly developed caudal 
process, and a papillate ornament with several longitudinal, sometimes discontinuous, 
ventrolateral ridges. 
 
Consequently, Debissonia appears to have a broader stratigraphical and geographical 
range than Cytheralison, with records ranging from the Campanian to Recent of Western 
Australia, early Eocene to Recent of southern Australia and New Zealand, late 
Oligocene to Pliocene of the Marshall Islands in the west central Pacific Ocean, 
Pleistocene to Recent of southeastern Australia, and Recent of the South Campbell 
Plateau and South Tasman Rise. 
 
Debissonia alata and Debissonia contorta (Bate, 1972), from the Campanian shallow 
marine sediments of the Southern Carnarvon Basin, are the earliest known records of the 
genus Debissonia. In comparison with other Debissonia species they are unique, since 
they both have posteroventrally projected alae and two characteristics which Jellinek 
and Swanson (2003) consider typical of the genus Cytheralison: slit-like foveolae and an 
anteroventral flange with spines. 
 
Stage and stratigraphic distribution: Campanian Korojon Calcarenite and Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
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Debissonia papillata sp. nov. 
(Plate 19, Figs. 9-10 & Plate 20, Figs. 1-6) 
 
Derivation of name: Latin papilla – teat, nipple. A reference to the papillate ornament. 
 
Diagnosis: Large, subquadrate, strongly inflated carapace with poorly developed caudal 
process situated above mid-height, upstanding ridge that extends downwards from the 
dorsal margin onto the anterior and posterior marginal areas, papillate ornament with 
several longitudinal, sometimes discontinuous, ventrolateral ridges constructed on the 
thin shell layer with narrow slits that covers a honey-combed lattice of hexagonal-
shaped cells. A long, narrow slit along the shallow median sulcus indicates the position 
of the muscle scar pattern. Lophodont hinge. Both valves have a prominent selvage and 
a narrow flange around the periphery. 
 
Holotype: An adult left valve (MG6001) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 7 (Depth: 30-35cm. Age: Late Maastrichtian). 
  
Paratype: An adult right valve (MG6002) from the Miria Formation of the UWA 
Cardabia stratigraphic hole, MF/CRB/2 (Depth: 53.40m. Age: Late Maastrichtian). 
 
Topotypes: Two juvenile left valves (MG6004, MG6006) and a juvenile right valve 
(MG6005) from the Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 17 
(Depth: 80-85cm. Age: Late Maastrichtian). 
     A penultimate instar right valve (MG6003) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 25 (Depth: 120-125cm. Age: Late 
Maastrichtian). 
 
Other material: Two adult left valves, the anterior part of an adult left valve, the 
posterior part of an adult left valve, 11 juvenile left valves (five damaged), the posterior 
part of a juvenile left valve, a juvenile left valve fragment, a damaged adult right valve, 
the posterior part of an adult right valve, an adult right valve fragment, four damaged 
juvenile right valves and the anterior part of a juvenile right valve from the KG-1 
outcrop. 
 
Dimensions   Length 
(mm) 
Height 
(mm) 
Paratype, adult right valve MG6002 Plate 19, Fig. 9 & 
Plate 20, Fig. 1 
0.96 0.58 
Holotype, adult left valve MG6001 Plate 19, Fig. 10 & 
Plate 20, Fig. 3 
0.98 0.59 
Topotype, penultimate instar right valve MG6003 Plate 20, Fig. 2 0.74 0.36 
Topotype, juvenile left valve MG6004 Plate 20, Fig. 4 0.56 0.30 
Topotype, juvenile right valve MG6005 Plate 20, Fig. 5 0.31 0.20 
Topotype, juvenile left valve MG6006 Plate 20, Fig. 6 0.39 0.23 
 
Description: Large, subquadrate, strongly inflated carapace, with parallel dorsal and 
ventral margins in the adults, a broadly rounded anterior margin and a subtly caudate 
posterior margin. The juveniles have a more tapered posterior and more strongly 
developed ridges. The dorsal part of the posterior margin is straight, whilst the ventral 
part of the posterior margin is strongly convex. The poorly developed caudal process is 
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situated above mid-height, where the strongly convex ventral part of the posterior 
margin meets the straight dorsal part of the posterior margin. The ventral margin has a 
gentle medial concavity. The dorsal margin is straight with an upstanding ridge that 
extends downwards onto the anterior and posterior marginal areas. 
 
The line of greatest length lies just above mid-height and the line of greatest height lies 
within the middle area of the valve. The greatest width occurs in the posterior half of the 
valve. 
 
The valves have a papillate ornament; underneath this is the thin shell layer with narrow 
slits that covers a honey-combed lattice of hexagonal-shaped cells. The hexagonal-
shaped cells of the honey-combed lattice are not visible in the figured specimens, as the 
gold coating added for scanning electron microscope imaging obscures them. However, 
they are clearly visible under the light microscope. On the ventrolateral surface there are 
several longitudinal, sometimes discontinuous, ridges. Indications of how the papillate 
ornamentation develops can be seen by comparing Plate 19, Figures 9 and 10. A long, 
narrow slit along the shallow median sulcus indicates the position of the muscle scar 
pattern, although the muscle scar pattern was not visible internally upon the ridge made 
by the median sulcus. 
 
No evidence of sexual dimorphism was observed. 
 
Internally, the line of concrescence and inner margin coincide. Both valves have a 
prominent selvage and a narrow flange. The left valve has an accommodation groove for 
the selvage of the smaller right valve. 
 
The hinge in the left valve consists of a smooth median bar and two long terminal 
sockets, whilst that of the right valve consists of a complementary median groove with 
two long terminal teeth. 
 
Remarks: The papillate ornament differentiates this species from all other Debissonia 
species. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Debissonia hornibrooki Ayress, 2003 
(Plate 14, Fig. 4) 
 
1993 Cytheralison cf. pravacauda Hornibrook, 1952; Ayress, Fig. 9L 
2003 Debissonia hornibrooki Ayress, p. 49, Plate 1, Figs. 1-3 
2006 Debissonia hornibrooki Ayress, 2003; p. 364, Table 1 
 
Material: A juvenile right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile right valve Plate 14, Fig. 4 0.37 0.21 
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Remarks: This subtriangular juvenile right valve, with a tapered posterior, has a heavily 
reticulate and costate ornament. The subrounded fossae are partially obscured by flanged 
ribbing. In front of a large fossa, which indicates the position of the muscle scar pattern, 
the narrow costae are subparallel with the rounded anterior margin but ventrally they 
extend backwards towards the posterior and in the posteroventral region form a series of 
ventrally-directed curved costae, which trucate the costae, curved towards the posterior, 
that occur behind the large fossa. This species, which is distinguished by its ornament, 
has only been recorded from the late Oligocene to early Miocene of New Zealand 
(Ayress, 1993b, 2003, 2006), so this juvenile specimen represents its earliest known 
occurrence. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Subfamily BYTHOCYTHERINAE Sars, 1926 
 
Genus VITJASIELLA Schornikov, 1976 
 
Type species: Vitjasiella belyaevi Schornikov, 1976, p. 97, Plate 5, Figs. 1-5;  
text-figs. 2 (in part), 9 (in part), 11 (in part), 13 (in part), 14 (in part),  
16 (in part), 17 (in part), 19 (in part), 21 (in part), 29 & 30 
 
Vitjasiella sp. 
(Plate 20, Fig. 8) 
 
Material: A damaged juvenile right valve and the fragment of a juvenile right valve from 
the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Damaged juvenile right valve Plate 20, Fig. 8  0.38 
 
Short description and remarks: Although the specimen illustrated in Plate 20, Figure 8 is 
a damaged juvenile right valve the distinctive alar process indicates it belongs to the 
genus Vitjasiella. The row of stumpy spines on the alar process distinguishes this species 
from Vitjasiella ferox (Hornibrook, 1953), which possesses clavate spines. This 
fragmented specimen also displays a shorter row of spines on the ventral surface, broad 
median sulcus, broadly rounded, spinose anterior margin and denticulate, gently convex 
ventral margin. On the South Island of New Zealand, Vitjasiella ferox (Hornibrook, 
1953) occurs in the shallow marine upper Oligocene Kokoamu Greensand and upper 
Oligocene to lowest Miocene Otekaike Limestone (Ayress, 1993b, 2006) and the 
shallow marine lower Miocene Waikari Formation (Swanson, 1969). Ayress (1991) also 
describes Recent occurrences of Vitjasiella ferox (Hornibrook, 1953) from the South 
Island of New Zealand and the species was first described by Hornibrook (1953) from 
the late Eocene, late Oligocene to early Miocene and Pleistocene of New Zealand. 
 
Vitjasiella duplicispina Ayress, 1993, which has an “additional row of spines on the 
dorsal alar surface” and a “more rectangular outline in lateral view” occurs in the 
shallow marine upper Oligocene to lowest Miocene Otekaike Limestone and the lower 
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Miocene Rifle Butts Formation of the South Island of New Zealand (Ayress, 1993b, 
2006). 
 
In the outer shelf to upper bathyal upper Eocene Blanche Point Formation of the 
Willunga Embayment, South Australia, Majoran, (1996a) records one specimen that 
belongs to the genus Vitjasiella. 
 
Vitjasiella belyaevi Schornikov, 1976 is recorded from the Recent deep-sea sediments of 
the northwest Pacific Ocean, the Kerguelen Plateau in the southern Indian Ocean and off 
northwest Africa in the Atlantic Ocean (Ayress et al., 2004). Vitjasiella fenestrata 
(Brady, 1880) is recorded from the Recent deep-sea sediments of the central southern 
South Atlantic Ocean and the Kerguelen Plateau in the southern Indian Ocean (Ayress et 
al., 2004). 
 
The occurrence of the genus Vitjasiella in the Upper Maastrichtian Miria Formation of 
the Southern Carnarvon Basin represents the earliest known record of this genus. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus PARICERATINA Gründel & Kozur, 1971 
 
Type species: Nemoceratina (Pariceratina) tricuspidata (Jones & Hinde, 1890) 
 
Pariceratina trispinosa (Neale, 1975) 
(Plate 20, Fig. 10) 
 
1975 Cretaceratina trispinosa Neale, p. 14, Plate 9, Figs. 1-2 
 
Material: A damaged juvenile right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Damaged juvenile right valve Plate 20, Fig. 10 0.50 (est.) 0.24 
 
Remarks: Although the specimen illustrated in Plate 20, Figure 10 is a damaged juvenile 
right valve most of the diagnostic features described by Neale (1975) for this species, 
from the Santonian Gingin Chalk of the Perth Basin, are visible. The caudal process is 
horizontally directed and situated dorsally. There are three prominent laterally directed 
spines. A stumpy, conical, hollow anteroventral spine, the stub of a long, narrow 
posteroventral spine, and a smaller spine located between these two. There is no external 
median sulcus. The surface is reticulate and includes fine spines and pustules. The 
ventral surface has four longitudinal ridges. The marginal spines of the dorsal and 
posteroventral margin are visible, but those of the anterior margin and the eye tubercle 
are not, as this margin is damaged. 
 
There is some debate as to whether or not any bythocytherids have eyes. (Boomer, 1994) 
notes that Pariceratina trispinosa (Neale, 1975) possesses “a strong eye tubercle” 
whereas Neale (1975) describes a “well-developed antero-dorsal tubercle which is not 
connected with any complementary depression on the inside of the valve and appears to 
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have no ocular function.” Lord et al. (1987) also illustrate in Figure 8.1 a 
Praebythoceratina sp. from the Late Jurassic of the Volga Basin in Russia, which 
appears to have an eye tubercle. Also Schornikov (1990), in his study of the evolution 
and classification of the bythocytherids, notes that the Carboniferous genus 
Oculoceratina, Triassic genus Kristanella and Quaternary genus Dentibythere have eye 
tubercles. However, despite the type species Dentibythere dentata Schornikov, 1982 
from the Recent shallow marine sediments of the Great Barrier Reef, New Britain, Fiji 
and Easter Island having an eye tubercle (Schornikov, 1982; Whatley & Jones, 1999), 
Dentibythere whatleyi Yassini & Jones, 1995 from the middle Miocene and Recent 
sediments of southern and southeastern Australia, respectively, appear blind (Whatley & 
Downing, 1983; Yassini & Jones, 1995). 
 
Compared with Pariceratina trispinosa (Neale, 1975), Pariceratina invenusta (Bate, 
1972), from the Campanian Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 
1972), has a warty appearance with the lateral spines not as well developed. 
 
Pariceratina ubiquita Boomer, 1994 is very similar to Pariceratina trispinosa (Neale, 
1975), except that the first is larger and lacks an eye tubercle (Boomer, 1994). 
Pariceratina ubiquita Boomer, 1994 occurs in the bathyal sediments in the Late 
Maastrichtian, early Eocene and Oligocene of DSDP 463, the mixed Paleocene – Eocene 
of ODP 866B, the early Paleocene to early Oligocene and early Miocene of ODP 865B 
and the middle Eocene to late Oligocene of DSDP 44 and DSDP 171 from the Mid-
Pacific Mountains (Boomer, 1994; Boomer & Whatley, 1995; Boomer, 1999), in the 
Miocene bathyal sediments of DSDP 200 from the Ita Mai Tai Guyot of the west central 
Pacific Ocean (Boomer, 1994) and in the lower and middle Eocene outer shelf to upper 
bathyal sediments of the southwest Pacific Ocean (Ayress, 1994) in DSDP 206 from the 
New Caledonia Basin, DSDP 207 from the Lord Howe Rise and DSDP 277 from the 
Campbell Plateau (Millson, 1988; Boomer, 1994). According to Boomer (1994), this 
“may indicate that the Santonian species inhabited much shallower water than P. 
ubiquita (which is sightless), and that the descendants of the former species undertook 
an ecological shift during the Late Cretaceous.” A similar species is also recorded in the 
Recent sediments of the central and southwest Pacific Ocean (Boomer et al., 1995). 
 
Pariceratina sp. 2 is recorded in the upper Oligocene to lower Miocene bathyal 
sediments of ODP 872C in the Marshall Islands of the west central Pacific Ocean 
(Whatley & Boomer, 1995), and Pariceratina sp. 3 in sediments of the same age from 
the central and southwest Pacific Ocean (Boomer et al., 1995). Also, the Miracythere? 
sp.  illustrated by Swain (1983) in Plate 2, Figures 2 and 3, from the Maastrichtian 
bathyal sediments of DSDP 48 from the Shatsky Rise of the northwest Pacific Ocean, 
might be a Pariceratina sp. with a broken posteroventral spine. 
 
The Pariceratina sp. 1 of Guernet and Bellier (2000), from the lower Paleocene to upper 
Eocene bathyal sediments of the Blake Nose in the low latitude, western North Atlantic 
Ocean, is very similar to Pariceratina ubiquita Boomer, 1994. Guernet and Bellier 
(2000) also identified a Pariceratina sp. 2 from the Eocene of the same locality, which 
is similar to the Bythoceratina sp. 2 of Guernet and Fourcade (1988) from the Pliocene 
bathyal sediments of the Bahamas. However, the Pariceratina sp. 2 of Guernet and 
Bellier (2000) is not like any of the other Pariceratina species mentioned so far; it only 
has two ventrolateral spines and in addition there is a deep, median sulcus with a large 
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dorsolateral tubercle to its anterior and two small dorsolateral conuli to its posterior. It is 
more reminiscent of Bythoceratina montuosa (Jones & Hinde, 1890) from the Upper 
Cretaceous chalks of northeast Texas and northwest Europe (Alexander, 1934; 
Bonnema, 1940-1941; Deroo, 1966; Jørgensen, 1979), and Monoceratina reticulata 
Bassiouni & Morsi, 2000, which has two ventrolateral tubercles rather than spines, from 
the early Eocene of Egypt (Bassiouni & Morsi, 2000; Morsi & Scheibner, 2009). 
 
Pariceratina hirsuta Dingle, 1981, from the Maastrichtian outer shelf to upper bathyal 
sediments of Zululand, South Africa, is described as being closely related to 
Pariceratina trispinosa (Neale, 1975) (Dingle, 1981). However, it is more reminiscent 
of Pariceratina invenusta (Bate, 1972), with a rough surface ornament composed of 
small spines (Dingle, 1981), rather than a granular surface ornament composed of very 
small spines and irregular nodes (Bate, 1972). 
 
Pariceratina liebaui Dingle, 1984, from the Lower to Middle Albian shallow marine 
sediments of the Falkland Plateau (Dingle, 1984), is more reminiscent of Pariceratina 
trispinosa (Neale, 1975), and it is thought to be conspecific with two specimens from the 
Late Aptian of West Germany (Dingle, 1984). 
 
According to Schornikov (1988, 1990) the genus Pariceratina originated in the 
Cretaceous. In terms of the Cretaceous of Gondwanaland, the genus first occurs in the 
Albian of the Falkland Plateau (Dingle, 1984), prior to its occurrence in the Santonian 
(Neale, 1975), Campanian (Bate, 1972) and Maastrichtian of Western Australia, and the 
Maastrichtian of South Africa (Dingle, 1981). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin and Santonian Gingin Chalk of the Perth Basin. 
 
Genus BYTHOCYTHERE Sars, 1866 
 
Type species: Bythocythere turgida Sars, 1866, p. 84 
 
Bythocythere sp. 
(Plate 21, Figs. 1-2) 
  
Material: A damaged adult left valve, a juvenile left valve with a damaged posterior and 
six spines from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Damaged adult left valve Plate 21, Fig. 1  0.39 (est.) 
Damaged juvenile left valve Plate 21, Fig. 2 0.54 (est.) 0.29 
 
Short description and remarks: This smooth, strongly inflated, Bythocythere species is 
subrectangular in lateral view, with a rounded and laterally compressed anterior margin, 
subparallel dorsal and ventral margins, shallow median sulcus and, obscuring the ventral 
margin, well-developed, laterally projected, triangular alae, capped by a hollow, conical 
spine. The caudal process in the two illustrated specimens is broken off, as is the hinge 
of the adult left valve illustrated in Plate 21, Figure 1. 
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Bate (1972) illustrated, but did not describe, a broken right valve in Text-figure 12 from 
the Campanian Korojon Calcarenite of the Southern Carnarvon Basin. This smooth 
specimen was assigned to the genus Bythoceratina, but it also has the ventral margin 
obscured by a triangular alar projection that is capped with a spine, with alae obscuring 
the ventral margin a feature characteristic of the genus Bythocythere.  However, the 
dorsal margin is slightly convex and the dorsal and ventral margins are not subparallel. 
 
Guernet and Bellier (2000) also illustrate a smooth bythocytherid in Plate 6, Figures 10 
and 11, Nodobythere? sp. 1 from the lower Paleocene bathyal sediments of the Blake 
Nose in the low latitude, western North Atlantic Ocean. This species has a slightly 
convex dorsal margin, a ventral margin that is inclined towards the posterior, and 
laterally projected, coarsely triangular, alae capped with a hollow, conical spine. On the 
edges of the ventral alae and spine there are delicate ridges and furrows. Given that 
Guernet and Bellier (2000) note that the hinge seems to be adont this species is unlikely 
to belong to the genus Nodobythere, which has a more complicated hinge. 
 
Schornikov (1981) erected the Recent genus Nodobythere, for Nodobythere nodosa 
Schornikov, 1981 from the Sea of Japan, which has a merodont hinge and a well-
developed wing-shaped protrusion. The median bar in the left valve has crenulated 
terminal ends and a smooth centre in the region of the dorsolateral tubercle, which is 
located just anterior of the median sulcus. The anterior tooth of the right valve is large 
and bent, whilst that of the posterior is long, thin and weakly developed. In the bathyal 
sediments of Blake Nose in the low latitude, western North Atlantic Ocean, Guernet and 
Bellier (2000) also recorded Nodobythere? sp. 2 from the Paleocene and middle Eocene 
and Nodobythere? sp. 3 from the late Eocene. However, these two strongly inflated 
species with an obvious median sulcus, only tentatively assigned to the genus 
Nodobythere, have a ventrolateral bulge and a large hollow spine. Their resemblance to 
Bythoceratina sp. A and Bythoceratina? sp. F from the Recent upper bathyal deposits of 
the Florida-Hatteras Slope, Straits of Florida and Blake Plateau (Cronin, 1983), 
Bythoceratina scabrocuneata (Yassini et al., 1993) from the Recent shallow marine 
sediments of northern Australia (Yassini et al., 1993; Warne et al., 2006) and 
Bythoceratina cassidoidea (Zhao, 1988) from the Recent shallow marine sediments of 
the East China Sea and Tsushima Strait (Tanaka, 2008), indicates that they probably 
belong to the genus Bythoceratina. Guernet and Bellier (2000) note that the adont hinge 
may be a primitive or regressive feature. 
 
Another smooth bythocytherid, except for the fine spines on the anterior and posterior 
edges of the triangular alae, which resembles the Nodobythere? sp. 1 of Guernet and 
Bellier (2000), but which is assigned to the genus Bythocythere, is illustrated in Plate 2, 
Figures 10 and 11 of Bergue and Coimbra (2008). This adult left valve was recovered 
from the Upper Pleistocene bathyal sediments of the Santos Basin, southeastern Brazil, 
and Bergue and Coimbra (2008) note that whilst the species has some typical features of 
the genus Bythoceratina, such as the subdorsal caudal process and the posteroventral 
spine, it also has alae obscuring the ventral margin, which is more typical of the genus 
Bythocythere. However, Bergue and Coimbra (2008) also note that the “hinge is 
somewhat different” to those of the genera Bythoceratina and Bythocythere. 
 
Hornibrook (1952), who erected the genus Bythoceratina, describes a “hinge consisting 
in the left valve of a crenulate median bar with two terminal sockets and in the right 
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valve of two terminal, simple, long teeth and a shallow median groove” (a merodont 
hinge), whilst the closely related genus, Monoceratina, has “a simple groove and hinge 
bar without teeth” (an adont hinge). The genus Bythoceratina has a Cretaceous to 
Quaternary range (Schornikov, 1988, 1990). However, the genus Monoceratina 
supposedly does not have a Post-Palaeozoic range (Schornikov, 1988, 1990), although 
there are numerous post-Palaeozoic citations, which may be a result of confusion 
concerning the systematics of this genus. The type species was found in the 
Pennsylvanian (Carboniferous) sediments of Oklahoma (Roth, 1928), and whilst the 
Bythocythere sp. from the Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin is almost identical, as noted by van Morkhoven (1963) for other post-
Palaeozoic comparisons, “the finer details of the carapace of the type-species are not 
known, and therefore it remains problematic whether or not the post-Palaeozoic forms 
referred to the genus are really congeneric with the type-species.” It is noted by van 
Morkhoven (1963) that some species of Monoceratina resemble Bythoceratina and 
others Bythocythere, but that “both of these genera have a better developed hinge.” 
 
The genus Bythocythere usually has a lophodont hinge, “consisting in the right valve of 
small, terminal teeth connected by a smooth groove”, although sometimes “the terminal 
teeth are not very clearly developed” and may even “appear to be wholly absent” (van 
Morkhoven, 1963), and consequently the hinge seems to be adont. However, van 
Morkhoven (1963) also notes that there are a number of Recent Bythocythere species, 
which “often show incipient lateral spines on the ventral alae”, that have a somewhat 
modified hinge where the “median hinge-bar in the left valve has thickened ends”. The 
vertical median sulcus, smooth hinge elements and muscle scar pattern differentiates 
these species, with their triangular alae, from similar species of the genus 
Cytheropteron. 
 
The genus Bythocythere occurs in the Paleogene to Quaternary according to van 
Morkhoven (1963) but only the Quaternary according to Schornikov (1988, 1990). Its 
occurrence in the Campanian and Upper Maastrichtian shallow marine deposits of the 
Southern Carnarvon Basin now extends its range down into the Late Cretaceous. 
 
For now the species mentioned here, that have a ventral margin obscured by a triangular 
alar projection that is capped with a spine, have been assigned to the genus 
Bythocythere, but perhaps they belong to a new bythocytherid genus, that originated in 
the Campanian shallow marine deposits of the Southern Carnarvon Basin and 
subsequently migrated into bathyal depths by the beginning of the Paleocene. It is worth 
noting that there is some similarity in general form between the completely smooth, 
strongly inflated Bythocythere sp. and the faintly reticulate Retibythere (Retibythere) 
giraliaensis with a deep median sulcus, which also occurs in the Upper Maastrichtian 
Miria Formation from the Southern Carnarvon Basin, and likewise between the 
Nodobythere? sp. 1 and Retibythere sp. 1 at Blake Nose in the low latitude, western 
North Atlantic Ocean. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Genus Retibythere Schornikov, 1981 
Subgenus Retibythere Schornikov, 1981 
 
Type species: Retibythere bialata Schornikov, 1981, p. 94, Plate I, Figs. 4-6; Plate III, 
Figs. 3-8; Plate IV, Figs. 1-4; Plate VI, Fig. 10; text-figs. 8E, 11B, 23A & 27 
 
Retibythere (Retibythere) carnarvonensis sp. nov. 
(Plate 21, Figs. 3-6) 
 
Derivation of name: A reference to the Carnarvon Basin. 
 
Diagnosis: Heavily reticulate, subtrapezoidal Retibythere with a short, blunt, subdorsal 
caudal process, a short, subdorsal ridge just posterior of the deep median sulcus, and 
three round, hollow tubercles anteromedially, anterodorsally and posteromedially. The 
bilobate, ventrolateral ala consists of a gentle bulge in front of a hollow, posteroventrally 
directed, conical spine. 
 
Holotype: An adult left valve (MG6401) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 25 (Depth: 120-125cm. Age: Late Maastrichtian). 
  
Paratypes: An adult right valve (MG6402) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 17 (Depth: 80-85cm. Age: Late Maastrichtian). 
      An adult left valve (MG6403) and an adult right valve (MG6404) from the 
Miria Formation of the Giralia Anticline KG-1 outcrop, Sample 19 (Depth: 90-95cm. 
Age: Late Maastrichtian). 
 
Other material: Six right valves (five damaged), a fragment of a right valve, four left 
valves (three damaged) and a damaged carapace from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult left valve MG6401 Plate 21, Fig. 3 0.50 0.23 
Paratype, adult right valve MG6402 Plate 21, Fig. 4 0.48 0.26 
Paratype, adult left valve MG6403 Plate 21, Fig. 5 0.48 0.25 
Paratype, adult right valve MG6404 Plate 21, Fig. 6 0.50 0.25 
 
Description: Carapace subtrapezoidal with sinuous dorsal margin, due to anterodorsal 
tubercle, and clear anterior and posterior cardinal angles. Convex ventral margin, with 
slight medial concavity, inclined towards the posterior. Subrectangular, laterally 
compressed, anterior margin. Subtriangular, laterally compressed, posterior margin with 
a short, blunt caudal process located subdorsally. 
 
The line of greatest length passes above mid-height, in association with the subdorsal 
caudal process, and the line of greatest height lies at mid-length. The greatest width 
occurs in the posteroventral region, in association with the hollow, conical, ventrolateral 
spine. 
 
The valves are strongly inflated with a deep median sulcus. The surface of the valves is 
heavily reticulate. Three round, hollow tubercles occur anteromedially, anterodorsally 
and posteromedially. A short ridge occurs subdorsally just posterior of the median 
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sulcus. The bilobate, ventrolateral ala consists of a gentle bulge in front of a hollow, 
posteroventrally directed, conical spine. 
 
A small, crescentric vestibulum occurs anteriorly. On the elevated area, which 
corresponds with the deep median sulcus externally, no muscle scar pattern was visible. 
 
The hinge is lophodont. In the left valve there is a smooth median bar and two terminal 
sockets. In the right valve there is a complementary median groove and long, thin teeth. 
 
Remarks: According to Schornikov (1981), Retibythere has the same type of sculpture 
as Bythoceratina, but has a different type of hinge. The median bar of the left valve is 
smooth in Retibythere, rather than crenulated as in Bythoceratina, so Retibythere has a 
lophodont hinge just like Bythocythere. In the type species for Bythocythere, 
Bythocythere turgida Sars, 1866 from Norwegian waters, the right valve has “small, 
smooth terminal teeth connected by a smooth groove” (van Morkhoven, 1963). 
However, the right valve of the type species for Retibythere (Retibythere), Retibythere 
(Retibythere) bialata Schornikov, 1981 from the Sea of Okhotsk, has a smooth groove 
and weakly protruding, elongate, thin, smooth terminal teeth (Schornikov, 1981), and 
that of the type species for Retibythere (Bathybythere), Retibythere (Bathybythere) 
vandenboldi (Ruggieri, 1960) from the Miocene outer shelf to bathyal sediments of the 
Mediterranean Sea (Dall’Antonia, 2003; Bossio et al., 2005, 2006), has “a long, smooth 
median groove and elongate, smooth terminal bars (anterior better developed than 
posterior)”. This variation in the lophodont hinge can be used to differentiate between 
Retibythere and Bythocythere. Dall’Antonia (2003) describes two new Retibythere 
(Retibythere)? species, from the middle to late Miocene of the Mediterranean Sea, that 
have a lophodont hinge “consisting in the right valve of a long median groove and short, 
distinct smooth terminal bars”, which would warrant placing these two species in 
Bythocythere, or alternatively, in Bythoceratina, since van Morkhoven (1963) notes that 
the presence of lateral spines is thought to be characteristic of Bythoceratina rather than 
Bythocythere. As with Monoceratina, there is also confusion concerning the systematics 
of Bythoceratina and Bythocythere, and a revision, in particular, of these bythocytherids 
is required. 
 
Compared with Retibythere (Retibythere) giraliaensis, which also occurs in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin, Retibythere 
(Retibythere) carnarvonensis is smaller, completely reticulate  and has rounded rather 
than conical anteromedian and anterodorsal tubercles. In addition, Retibythere 
(Retibythere) giraliaensis has a short rib on the posteromedian tubercle, a sharper 
posterodorsal ridge, an anterior ventrolateral rib and a rib connecting the anteromedian 
tubercle to the hollow, posteroventrally directed, ribbed, conical spine. 
 
Retibythere (Retibythere) carnarvonensis resembles the strongly reticulate and 
tuberculate Bythoceratina sp. 1 of Valicenti and Stephens (1984, Plate 1, Figures 10 and 
11), from the Late Valanginian of the Algoa Basin and offshore boreholes from the 
South African continental margin, except that the latter has a posterodorsal tubercle 
rather than ridge, a small anteroventral tubercle near the intersection of the anterior and 
ventral margins and no posteromedian tubercle. The details of the hinge were not 
observed (Valicenti & Stephens, 1984). 
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From the middle Maastrichtian of the Neuquén Basin, west-central Argentina, Bertels 
(1975) recovered a single carapace that was tentatively assigned to the genus 
Amphicytherura. However, this pitted specimen with five large hollow tubercles is 
Retibythere (Retibythere) sp. and resembles Retibythere (Retibythere) carnarvonensis, 
although it is pitted rather than reticulate, and the posteromedian tubercle is elongate 
rather than round. 
 
The author has also identified a subtrapezoidal, reticulate Bythoceratina sp. from the 
shallow marine Barremian to lowest Aptian Muderong Shale of the Southern Carnarvon 
Basin, but the poor preservation of this specimen makes any comparison difficult. The 
internal features are not visible and the diagnosis was originally based on the presence of 
a ventrolateral spine in the posterior half of the valve. There is, however, evidence of 
anterodorsal and posterodorsal tubercles, with the first obscuring a straight dorsal 
margin. 
 
A Bythoceratina sp. is also recorded, but not illustrated, in the lower Eocene to lower 
Miocene bathyal sediments of the Exmouth Plateau from the Northern Carnarvon Basin 
(Guernet & Galbrun, 1992; Guernet, 1993), that might possibly be related to the two 
Retibythere species described here from the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. Boomer et al. (1995) also record a Bythoceratina? sp. from 
lower Eocene to lower Miocene sediments in the central and southwest Pacific Ocean. 
 
In comparison with Retibythere (Retibythere) carnarvonensis, Retibythere sp. 1 of 
Guernet and Bellier (2000) and Bythoceratina sp. 5 of Guernet and Fourcade (1988), 
which is considered synonymous with Retibythere sp. 1 of Guernet and Bellier (2000), 
have a more acuminate caudal process, a subtriangular lateral outline, a ventrolateral ala 
with a better developed anterior lobe and no posterodorsal ridge. Retibythere sp. 1 
occurs in the bathyal sediments from the middle Eocene of Blake Nose in the low 
latitude, western North Atlantic Ocean (Guernet & Bellier, 2000), and from the Pliocene 
of the Bahamas (Guernet & Fourcade, 1988). The Bythoceratina sp. B of Cronin (1983), 
from the Recent upper bathyal sediments of the Florida-Hatteras Slope, Straits of Florida 
and Blake Plateau, also belongs to the subgenus Retibythere, and compared with 
Retibythere (Retibythere) carnarvonensis, the reticulation is not as coarse, the 
posteromedian tubercle is broader, the posterodorsal ridge is sharper and the anterior 
lobe of the ventrolateral ala is better developed. 
 
The genus Dentibythere was erected by Schornikov (1982) for a Recent shallow marine 
species, Dentibythere dentata Schornikov, 1982, from the Great Barrier Reef, New 
Britain, Fiji and Easter Island (Whatley & Jones, 1999) that has a hinge with a strongly 
denticulate median element, and this hinge is also seen in Dentibythere whatleyi Yassini 
& Jones, 1995 from middle Miocene and Recent sediments of southern and southeastern 
Australia, respectively (Whatley & Downing, 1983; Yassini & Jones, 1995). Since 
Dentibythere multituberosa Warne et al., 2006, from the Recent shallow marine 
sediments of northern Australia (Warne et al., 2006), and the ornamentally very similar 
Dentibythere dentata Schornikov, 1982 of Yassini and Jones (1987, 1995), from the 
Recent Lake Illawarra inlet of southeastern Australia, and Dentibythere sp. A of Warne 
(1989), from the uppermost Miocene to lower Pliocene shallow marine sediments of 
southern Australia, have a simple lophodont hinge rather than a strongly denticulate 
hinge, they belong to the subgenus Retibythere. Compared with Retibythere 
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(Retibythere) carnarvonensis, the first is subrectangular in lateral outline, with an 
anterior ventrolateral rib and well-developed ventromedian tubercle in front of the 
hollow, posteroventrally directed, conical spine, a weakly developed anterior marginal 
rib, elongate rather than round posteromedian tubercle, suboval rather than round 
anteromedian tubercle with a rib connected to the anterior cardinal angle and only a 
partially reticulate surface ornament. Compared with Dentibythere multituberosa Warne 
et al., 2006, the Dentibythere dentata Schornikov, 1982 of Yassini and Jones (1987, 
1995) only has a fine ridge rather than an elongate posteromedian tubercle, and another 
very similar species, the Bythoceratina sp. of McKenzie (1974) from the Pliocene 
shallow marine sediments of southeastern Australia, which also belongs to the genus 
Retibythere, does not have any trace of the posteromedian tubercle at all. 
 
Dentibythere schornikovi Yassini & Jones, 1995, from the Recent shallow marine 
sediments of southeast Australia (Yassini & Jones, 1995; Yassini et al., 1995), also lacks 
a strongly denticulate hinge, and Warne et al. (2006) noted that it was similar to 
Bythoceratina sp. from the Recent shallow marine sediments of northern Australia, the 
Java Sea and Solomon Islands. The Bythoceratina sp. 3 of Guernet and Fourcade (1988) 
from the Pliocene of the Bahamas is also similar. 
 
In comparison with Retibythere (Retibythere) carnarvonensis, Retibythere (Retibythere) 
acutialata Schornikov, 1982, from the Recent sediments of the Sea of Japan 
(Schornikov, 1982), is much larger, with a broader posteromedian tubercle, sharper 
posterodorsal ridge, subtriangular rather than round anteromedian and anterodorsal 
tubercles, a rib connecting the anteromedian tubercle to the anterior cardinal angle, a 
ventrolateral ala with a well-developed anterior lobe and only the surface of the 
protuberances ornamented by a faint reticulation. 
 
In comparison with Retibythere (Retibythere) carnarvonensis, Retibythere (Retibythere) 
bialata Schornikov, 1982, from the Recent sediments of the Sea of Okhotsk 
(Schornikov, 1982), is much larger and subrectangular in lateral outline, with a rib 
connecting the anteromedian tubercle to the anterior cardinal angle, a ventrolateral ala 
with a well-developed anterior lobe and a posterior lobe with a nub rather than conical 
spine, and less distinct reticulation in the anterior and posterior marginal areas. 
 
It is possible that the strongly reticulate and tuberculate Bythoceratina sp. 1 of Valicenti 
and Stephens (1984, Plate 1, Figures 10 and 11), from the Late Valanginian of the Algoa 
Basin and offshore boreholes from the South African continental margin, represents the 
earliest known record of this genus and subgenus. It seems that the subgenus then 
appears in the Barremian of the Southern Carnarvon Basin, and definitely appears in the 
middle Maastrichtian of the Neuquén Basin, west-central Argentina, and the Late 
Maastrichtian of the Southern Carnarvon Basin. It subsequently appears in the Eocene of 
the low latitude, western North Atlantic Ocean area near Florida, and possibly on the 
Exmouth Plateau and in the central and southwest Pacific Ocean. In the latest Miocene it 
appears in the shallow marine sediments of southern Australia. It can currently be found 
in southeastern and northern Australia, the Java Sea, the Solomon Islands, the Sea of 
Japan, the Sea of Okhotsk, the Florida-Hatteras Slope, the Straits of Florida and the 
Blake Plateau. 
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Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Retibythere (Retibythere) giraliaensis sp. nov. 
(Plate 21, Figs. 7-10) 
 
Derivation of name: A reference to the Giralia anticline. 
 
Diagnosis: Faintly reticulate, subrectangular Retibythere with a short, blunt, subdorsal 
caudal process and deep median sulcus, a sharp posterodorsal ridge, a posteromedian 
tubercle with a short rib that runs subparallel to the posterodorsal ridge, and conical 
anterodorsal and anteromedian tubercles. The ventrolateral ala consists of an anterior 
ventrolateral rib and a rib from the anteromedian tubercle to the hollow, posteroventrally 
directed, ribbed, conical spine. 
 
Holotype: An adult left valve (MG6501) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 17 (Depth: 80-85cm. Age: Late Maastrichtian). 
  
Paratypes: A damaged adult right valve (MG6504) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 3 (Depth: 10-15cm. Age: Late Maastrichtian). 
      An adult right valve (MG6502) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 23 (Depth: 100-115cm. Age: Late Maastrichtian). 
      An adult left valve (MG6503) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 30 (Depth: 145-150cm. Age: Late Maastrichtian). 
 
Other material: A damaged left valve and a damaged right valve from the KG-1 outcrop. 
 
Dimensions   Length (mm) Height (mm) 
Holotype, adult left valve MG6501 Plate 21, Fig. 7 0.51 0.28 
Paratype, adult right valve MG6502 Plate 21, Fig. 8 0.56 0.26 
Paratype, adult left valve MG6503 Plate 21, Fig. 9 0.55 0.21 
Paratype, damaged adult right valve MG6504 Plate 21, Fig. 10 0.56 0.21 
 
Description: Carapace subrectangular with sinuous dorsal margin, due to anterodorsal 
tubercle, and clear anterior and posterior cardinal angles. Straight ventral margin 
overhung by ventrolateral alar, conical spine. Subrectangular, laterally compressed, 
anterior margin. Subtriangular, laterally compressed, posterior margin with a short, blunt 
caudal process located subdorsally. 
 
The line of greatest length passes above mid-height, in association with the subdorsal 
caudal process, and the line of greatest height lies at mid-length. The greatest width 
occurs in the posteroventral region, in association with the hollow, conical, ventrolateral 
spine. 
 
The valves are strongly inflated with a deep median sulcus. The anterodorsal and 
anteromedian tubercles are cone-like and faintly reticulate, whereas the posteromedian 
tubercle is faintly reticulate and has a short rib that runs subparallel to the sharp, 
posterodorsal ridge. Most of the surface is faintly reticulate, except for the sulcus, 
posterior margin and caudal process. The ventrolateral ala consists of an anterior 
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ventrolateral rib and a rib from the anteromedian tubercle to the hollow, posteroventrally 
directed, ribbed, conical spine. 
  
A small, crescentric vestibulum occurs anteriorly. On the elevated area, which 
corresponds with the deep median sulcus externally, no muscle scar pattern was visible. 
 
The hinge is lophodont. In the left valve there is a smooth median bar and two terminal 
sockets. In the right valve there is a complementary median groove and long, thin teeth. 
 
Remarks: A comparison of Retibythere (Retibythere) giraliaensis with Retibythere 
(Retibythere) carnarvonensis, which also occurs in the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin, is given above. 
 
The presence of a short rib on the posteromedian tubercle, an anterior ventrolateral rib 
and a rib connecting the anteromedian tubercle to the hollow, posteroventrally directed, 
ribbed, conical spine, distinguishes Retibythere (Retibythere) giraliaensis from most of 
the other Retibythere (Retibythere) species described previously. The exceptions are 
Dentibythere multituberosa Warne et al., 2006, from the Recent shallow marine 
sediments of northern Australia (Warne et al., 2006), and the ornamentally very similar 
Dentibythere dentata Schornikov, 1982 of Yassini and Jones (1987, 1995), from the 
Recent Lake Illawarra inlet of southeastern Australia, Bythoceratina sp. of McKenzie 
(1974), from the Pliocene shallow marine sediments of southeastern Victoria, and 
Dentibythere sp. A of Warne (1989), from the uppermost Miocene to lower Pliocene 
shallow marine sediments of southern Australia, which actually belong to the subgenus 
Retibythere. In Dentibythere multituberosa Warne et al., 2006 and the Bythoceratina sp. 
of McKenzie (1974), the region between the anteromedian tubercle and conical spine 
consists of an elongate ventromedian tubercle rather than a rib, whilst the same region in 
the Dentibythere dentata Schornikov, 1982 of Yassini and Jones (1987, 1995) consists 
of a short rib and small ventromedian tubercle. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus PROFUNDOBYTHERE Coles & Whatley, 1989 
 
Type species: Bythocythere bathytatos Whatley & Coles, 1987, p. 59,  
Plate 1, Fig. 26 (non Plate 1, Figs. 27-31) 
 
Profundobythere sp. 1 
(Plate 22, Fig. 1) 
 
1975 Hermanites volans Neale, Plate 13, Fig. 3  
(non Plate 11, Fig. 4; Plate 12, Figs. 5-7) 
 
Material: An adult right valve with a damaged caudal process and a damaged juvenile 
right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Damaged adult right valve Plate 22, Fig. 1 0.38 (est.) 0.19 
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Short description and remarks: The juvenile Hermanites volans Neale, 1975 illustrated 
in Plate 13, Fig. 3 of Neale (1975) does not belong to the trachyleberid species 
Hermanites volans Neale, 1975, but “is, in fact, an adult of the deep-sea bythocytherid 
genus Profundobythere Coles & Whatley, 1989” (Boomer et al., 1995). Neale (1975) 
was aware that the “earlier instars” of his trachyleberid Hermanites volans Neale, 1975 
were “much simpler” in form. Neale (1975) stated that the earlier instar “valves are 
relatively thin and the scattered normal pore canals appear white.” It was the 
posterodorsal spine and the curved ventrolateral ridge that resulted in earlier instars 
being assigned erroneously to Hermanites volans Neale, 1975. This juvenile, from the 
Santonian Gingin Chalk of the Perth Basin (Neale, 1975), represents the earliest known 
occurrence of the genus Profundobythere. In this study, an adult right valve and a 
juvenile right valve have also been collected from the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin and an adult carapace from the Upper 
Campanian to Lower Maastrichtian Korojon Calcarenite of Outtrim-1. These 
occurrences represent shallow marine deposits, although the name of the genus refers 
“to the deep sea habitat of this bythocytherid” (Coles & Whatley, 1989). 
 
Profundobythere sp. 1 is subrectangular with a short, blunt caudal process, ventrolateral 
alar inflation, shallow median sulcus and compressed posterior and anterior margins. 
The caudal process has an apex at mid-height, a convex posteroventral slope and a 
concave posterodorsal slope. The anterior margin is broadly rounded, with a pronounced 
marginal rim and flange. The dorsal margin is almost straight. The ventral margin is bi-
convex about a deep concavity just anterior of mid-length. A delicate, punctate ornament 
covers the entire lateral surface. The anterior end of the sharp posterodorsal rib bears a 
small, posterodorsally-directed spine. The crest of the ventrolateral alar ridge is 
enhanced by a thick rib, which terminates posteriorly in a small, posteroventrally-
directed, spine. 
 
Profundobythere sp. 1 resembles Profundobythere splendida Coles & Whatley, 1989, 
except that the first is completely punctate with more strongly developed spines and a 
thicker alar rib, and the latter has a faint curved rib behind the median sulcus that 
extends from the anterior end of the posterodorsal rib to the middle of the alar rib. 
Profundobythere sp. 1 has a marginal rim and flange like Profundobythere 
multipunctata Coles & Whatley, 1989, but it is finely, rather than coarsely, punctate and 
has a median sulcus, which the latter species does not. 
 
The author has also retrieved the earliest known bathyal species, which are smooth, in 
the Campanian to Early Maastrichtian of the Northern Carnarvon Basin. This consists of 
a female carapace from the Lower Campanian Upper Cretaceous Marls of Zeewulf-1 
and a damaged male carapace from the Upper Campanian to Lower Maastrichtian Upper 
Cretaceous Carbonates of Eendracht-1. This species resembles the smooth type species 
Profundobythere bathytatos (Whatley & Coles, 1987) except that it does not have the 
two subvertical ribs connecting the anterior end of the posterodorsal rib to the middle of 
the alar rib and the posterodorsal spine to the posteroventral spine. 
 
The blind genus Profundobythere, with a “feebly developed” lophodont hinge, was 
erected by Coles and Whatley in 1989 for a “small to medium-sized, thin-shelled, 
subrectangular to subtriangular bythocytherid with a short, blunt caudal process with 
apex at or near mid-height, with or without median sulcus, with ventro-lateral ridge and 
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with alar and postero-dorsal spines”, which they had identified in the Eocene to Recent 
of the North Atlantic Ocean (early Eocene to late Oligocene and late Miocene of DSDP 
549 on the Goban Spur, late Miocene of DSDP 563, near the Mid-Atlantic Ridge, early 
Pliocene to Quaternary of DSDP 606-8, also near the Mid-Atlantic Ridge, and Recent of 
the eastern North Atlantic, west of the Straits of Gibraltar), the late Miocene of Sicily, 
the Pliocene and Quaternary of the southwest Pacific Ocean (DSDP 209 on the 
Queensland Plateau, DSDP 208 on the northern end of the Lord Howe Rise and DSDP 
203 on the eastern margin of Tasman Tectonic Plate) and the Quaternary of the 
Ninetyeast Ridge in the northeast Indian Ocean. Dall’Antonia (2003) also records a 
Profundobythere sp., like that recorded in younger Sicilian deposits, from the middle 
and upper Miocene bathyal sediments of the Mediterranean Sea. The genus has also 
been recorded from the upper Quaternary bathyal sediments of the subpolar North 
Atlantic Ocean (Didié, 2001; Alvarez Zarikian, 2009), as Bythocythere bathytatos 
Whatley & Coles, 1987, although the very delicate punctate ornament and weak 
subvertical rib posterior of the median sulcus is characteristic of Profundobythere 
splendida Coles & Whatley, 1989. In the bathyal sediments of the Mid-Pacific 
Mountains, Profundobythere bathytatos (Whatley & Coles, 1987) is also recorded from 
the early Eocene and Oligocene of DSDP 463 (Boomer, 1999). 
 
Prior to the early Eocene bathyal occurrences recorded from the Mid-Pacific Mountains 
and the Goban Spur in the North Atlantic Ocean, three Profundobythere species were 
recorded in bathyal sediments from the Late Maastrichtian to Paleocene of the Mid-
Pacific Mountains (Larwood & Whatley, 1993; Boomer & Whatley, 1995) and Late 
Maastrichtian of the Walvis Ridge in the South Atlantic Ocean (Majoran et al., 1997, 
1998). 
 
In the bathyal sediments of the Mid-Pacific Mountains, a Profundobythere sp. is 
recorded from the Late Maastrichtian of DSDP 171 (Larwood & Whatley, 1993), and 
Profundobythere volans (Neale, 1975) is recorded by Boomer and Whatley (1995) from 
the early to late Paleocene of ODP 865B. Boomer and Whatley (1995) note that 
Profundobythere volans (Neale, 1975) is one of the few species recorded in the 
Paleocene of ODP 865B that was previously recorded elsewhere. However, the 
illustration of Profundobythere volans (Neale, 1975) in Plate 2, Figure 15 of Boomer 
and Whatley (1995) shows that this species is a more coarsely punctate variant of 
Profundobythere sp. 1. A coarsely punctate Profundobythere with a strong anterior 
marginal rim has also been recorded by Coles and Whatley (1989) from the upper 
Eocene, upper Oligocene and upper Pliocene bathyal sediments of the Philippines Sea.  
 
Compared with Profundobythere sp. 1, Profundobythere sp., from the Upper 
Maastrichtian bathyal sediments of DSDP 528 on the Walvis Ridge, in the South 
Atlantic Ocean off the southwest coast of Africa (Majoran et al., 1997, 1998), has a 
delicate punctate ornament that is confined to the centre of the valve and no median 
sulcus. In the Cape Basin, off the southwest coast of Africa, Profundobythere sp. is also 
recorded in the lower and middle Miocene bathyal sediments of ODP 1087 (Majoran & 
Dingle, 2001a), and Profundobythere bathytatos (Whatley & Coles, 1987) in the Recent 
abyssal sediments Yasuhara et al. (2008). 
 
The Profundobythere? sp., from the upper Lower to Upper Maastrichtian bathyal 
sediments of ODP 1050C and 1052E from Blake Nose, in the low latitude, western 
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North Atlantic Ocean, illustrated by Majoran (1999) in Plate 2, Figure 16, has a more 
subtriangular lateral outline and a coarsely punctate to reticulate ornament, and is 
probably a juvenile Philoneptunus provocator Jellinek & Swanson, 2003, which 
subsequently occurs in the Upper Pleistocene to Recent sediments of the Santos Basin of 
southeastern Brazil. The Profundobythere sp., from the middle and upper Eocene 
bathyal sediments of ODP 1052E, illustrated by Guernet and Bellier (2000) in Plate 4, 
Figure 14, however, lacks the “alar and postero-dorsal spines” diagnostic of the genus 
Profundobythere (Coles & Whatley, 1989), and instead, is very similar to Bythocythere 
eugeneschornikovi Yasuhara, Okahashi & Cronin, 2009, from the upper Quaternary 
bathyal deposits of ODP 1055B from the nearby Carolina Slope (Yasuhara et al., 
2009a). 
 
The genus Profundobythere appears to have originated in the shallow marine sediments 
of the Perth Basin in the Santonian. It subsequently appears in the Campanian of the 
Carnarvon Basin, the Late Maastrichtian of the Mid-Pacific Mountains and the Walvis 
Ridge in the South Atlantic Ocean, the Eocene of Victoria, the Philippines Sea, the Cape 
Basin in the South Atlantic Ocean, and the Goban Spur in the eastern North Atlantic 
Ocean, the Miocene of the Mediterranean Sea and near the Mid-Atlantic Ridge in the 
North Atlantic Ocean, the Pliocene of the southwest Pacific Ocean, the Quaternary of 
the Ninetyeast Ridge in the Indian Ocean and the subpolar North Atlantic Ocean, and in 
the Recent sediments west of the Straits of Gibraltar in the North Atlantic Ocean. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin, Upper Campanian to Lower Maastrichtian Korojon 
Calcarenite of the Northern Carnarvon Basin and Santonian Gingin Chalk of the Perth 
Basin. 
  
Profundobythere sp. 2 
(Plate 22, Figs. 2-5) 
 
Material: An adult left valve and an adult right valve with a damaged caudal process 
from the KG-1 outcrop. An adult right valve from the UWA Cardabia stratigraphic hole. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 22, Fig. 2 0.34 0.18 
Damaged adult right valve Plate 22, Fig. 3 0.31 0.16 
Adult left valve Plate 22, Figs. 4 & 5 0.32 0.17 
 
Short description and remarks: Profundobythere sp. 2 resembles Profundobythere sp. 1, 
except that it has more widely spaced and larger puncta, a thicker anterior marginal rim, 
a more acuminate posterior margin, a deeper median sulcus and a thick protuberance 
above the anterior cardinal angle. Internally, the duplicature is wide, with a small 
vestibulum, and there is a lophodont hinge. In the left valve there is a short smooth 
median elevation and two long terminal sockets. In the right valve there is a 
complementary short median depression and two long terminal teeth. 
 
McKenzie et al. (1993) also illustrated an unidentified species with an anterior hinge ear 
in Plate 7, Figure 24, from the upper Eocene shallow marine sediments of Victoria, 
which is very similar to Profundobythere sp. 2. Also, the Profundobythere volans 
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(Neale, 1975) illustrated in Plate 2, Figure 15 of Boomer and Whatley (1995), a variant 
of Profundobythere sp. 1, has a subtle anterior hinge ear, but this feature does not occur 
in other members of the Profundobythere genus. 
 
Genus RUGGIERIELLA Colalongo & Pasini, 1980 
 
Type species: Ruggieriella decemcostata Colalongo & Pasini, 1980, p. 110, 
Plate 32, Figs. 3-6 
 
Ruggieriella cf. decemcostata Colalongo & Pasini, 1980 
(Plate 20, Fig. 7) 
 
Material: A right valve and a left valve with a damaged dorsal margin from the KG-1 
outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Right valve Plate 20, Fig. 7 0.37 0.16 
 
Short description and remarks: These two valves have a rectilinear dorsal margin, 
slightly sinuous ventral margin and rounded extremities, with the posterior much 
narrower than the anterior. They are very similar to Ruggieriella decemcostata 
Colalongo & Pasini, 1980, from the late Miocene, Pleistocene and Recent of the 
Mediterranean Sea (Colalongo & Pasini, 1980, Guernet, 2005), based on the ten, parallel 
lateral ribs that ornament two-thirds of the valve surface and the smooth anterior region 
of the other third. However, they are more subtriangular in lateral outline than subovate 
and there is an anterior marginal rib on the right valve and two anterior marginal ribs on 
the left valve.  
 
Zhao (2005) also illustrates, but does not describe, a subovate Ruggieriella? sp. right 
valve in Plate 2, Figure 8, from the lower Oligocene upper bathyal sediments of ODP 
1148 in the South China Sea. Ruggieriella? sp. resembles the subrectangular 
?Phlyctobythocythere sp. 2 adult right valve illustrated in Plate 3, Figure 13 of Whatley 
and Downing (1983), from the middle Miocene Balcombian Clay at Fossil Beach in 
Victoria, except that the first has a strongly convex, rather than straight, dorsal margin. 
These two species belong to the genus Ruggieriella and both have ten lateral, 
subparallel, median ribs, which are longer nearer the dorsal and ventral margins. Also, 
the remainder of the valve is smooth, for both of these species, except for an anterior 
marginal rib. Boomer et al. (1995) also record Ruggieriella sp. 1 in the middle Eocene to 
Recent of the central and southwest Pacific Ocean. 
 
The ?Phlyctobythocythere sp. 1 illustrated in Plate 3, Figures 11 and 12 of Whatley and 
Downing (1983), from the middle Miocene Balcombian Clay at Fossil Beach in 
Victoria, also belongs to the genus Ruggieriella. The subovate valve, with a lophodont 
hinge, is smooth except for an anterior marginal rib and two ventrolateral ribs. It 
resembles Ruggieriella decemcostata Colalongo & Pasini, 1980, except for the fact that 
it only has two lateral ribs. Boomer et al. (1995) also record Ruggieriella sp. 4 in the 
early and late Pleistocene of the central and southwest Pacific Ocean. 
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From the Upper Pleistocene bathyal sediments of the Santos Basin, southeastern Brazil, 
Bergue and Coimbra (2008) illustrated Ruggieriella aff. decemcostata Colalongo & 
Pasini, 1980 in Plate 3, Figures 10 and 11, and Ruggieriella sp. in Plate 3, Figure 12. 
The first species more closely resembles Ruggieriella mcmanusi Yasuhara, Okahashi & 
Cronin, 2009, from the upper Quaternary bathyal deposits of ODP 1055B from the 
Carolina Slope in the low latitude, western North Atlantic Ocean (Yasuhara et al., 
2009a, Plate 4, Figures 1-5), than the middle Miocene ?Phlyctobythocythere sp. 2 of 
Whatley and Downing (1983) or the Recent  Ruggieriella sp. A of Cronin (1983, Plate 5, 
Figures A & B) from the upper bathyal deposits of the Florida-Hatteras Slope, Straits of 
Florida and Blake Plateau. The smooth second species resembles the Ruggieriella sp. of 
Whatley and Quanhong (1987) from the Indo-Pacific and the ? Ruggieriella sp. of 
Cronin (1983, Plate 5, Figure D) from the continental slopes of southeast USA (Bergue 
& Coimbra, 2008). The late Quaternary Ruggieriella sp. of Yasuhara et al. (2009, Plate 
4, Figure 6), also from the continental slopes of southeast USA, is similar but has nine, 
very short, subparallel, median ribs. 
 
Other Ruggieriella species, including Ruggieriella decemcostata Colalongo & Pasini, 
1980, have been recorded by Boomer et al. (1995) from the Recent sediments of the 
central and southwest Pacific. Corrège (1993) recorded the genus Ruggieriella in water 
depths of 706-2369 m, primarily in the Antarctic Intermediate Water, in the western 
Coral Sea of the southwestern Pacific Ocean. 
 
Although, Ruggieriella cf. decemcostata Colalongo & Pasini, 1980 from the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin represents the earliest 
known occurrence in the Southern Hemisphere, in the Northern Hemisphere it appears 
in the Upper Cenomanian to Maastrichtian Chalks of southeast England and northwest 
Europe (pers. comm. Dr. M.A. Ayress; Bonnema, 1941; Herrig, 1966; Weaver, 1982). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Subfamily PSEUDOCYTHERINAE Schneider, 1960 
 
Genus PSEUDOCYTHERE Sars, 1866 
 
Type species: Pseudocythere caudata Sars, 1866, p. 88 
 
Pseudocythere sp. 
(Plate 20, Figs. 9 & 11) 
 
Material: A damaged right valve and a damaged left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Damaged left valve Plate 20, Fig. 9  0.22 
Damaged right valve Plate 20, Fig. 11  0.22 
 
Short description and remarks: The caudal process of these two Pseudocythere valves is 
not visible due to the posterior margin of both valves being damaged. However, parts of 
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the ventrolateral keel remain and the shape is very similar to that of the type species, 
Pseudocythere caudata Sars, 1866 (see Alvarez Zarikian, 2009, Plate P2, Figure 4). 
 
It is very difficult to discriminate between the various species of Pseudocythere based 
on shell morphology alone and the genus, which originated in the early Late Jurassic of 
Britain (pers. comm. Professor R.C. Whatley), has a wide geographical distribution. The 
genus has been recorded in the Late Jurassic of the Russian Volga Basin (Lord et al., 
1987), the Aptian to Cenomanian of the Sinai (Bassiouni, 2002; Morsi, 2006), the 
Campanian to Maastrichtian of southern India (Govindan, 1969), the Maastrichtian 
Chalks of northwest Europe (Bonnema, 1940-1941; Herrig, 1966; Jørgensen, 1979), the 
Maastrichtian to Recent of the central and southwest Pacific Ocean (Whatley & 
Downing, 1983; Corrège, 1993; Boomer and Whatley, 1995; Boomer et al., 1995; 
Whatley and Boomer, 1995), the early Paleocene to Eocene and Pliocene to Recent of 
the low latitude western North Atlantic Ocean (Cronin, 1983; Guernet and Fourcade, 
1988; Guernet and Bellier, 2000; Yasuhara et al., 2009a), the late Paleocene of 
northwest India (Bhandari, 2008), the late Eocene to late Miocene of the Caribbean Sea 
(van den Bold, 1950, 1960, 1973, 1981), the early Oligocene and Quaternary of the 
South China Sea (Zhao, 2005), the late Oligocene to earliest Miocene and Recent of 
New Zealand (Swanson, 1979; Ayress, 1993b, 2003, 2006),  the early Miocene and 
Recent of the southeast Atlantic Ocean (Dingle et al., 2001; Yasuhara et al., 2008), the 
middle Miocene and Recent of southeastern Australia (Whatley & Downing, 1983; 
Warne, 1987, 1989; Yassini and Jones, 1995), the Miocene of the Indian Ocean, 
including the Exmouth Plateau (Whatley & Downing, 1983; Guernet & Galbrun, 1992; 
Guernet, 1993), the middle Miocene to Recent of the Mediterranean Sea (Bonaduce et 
al., 1980; Colalongo and Pasini, 1980; Dall’Antonia, 2003; Ertekin and Tunoğlu, 2008), 
the Quaternary of central Japan (Ichikawa, 1995), the Black Sea (Boomer et al., 2010), 
the Gulf of Alaska (Brouwers, 1981, Molnia, 1982), southeastern Brazil (Bergue and 
Coimbra, 2008) and the subpolar North Atlantic Ocean and polar Arctic Ocean (Didié, 
2001; Stepanova et al., 2003; Alvarez Zarikian, 2009), the Quaternary to Recent of the 
Sea of Japan and the far-eastern seas of Russia (Schornikov, 1981; Tanaka, 2008), the 
Recent of the tropical east Pacific Ocean (Swain and Gilby, 1974), the cold Southern 
Ocean encircling Antarctica (Dingle, 2003; Ayress et al., 2004; Majewski & Olempska, 
2005; Yasuhara et al., 2007), Argentina (Whatley et al., 1996; 1997a), and Norway and 
Britian (Horne, 1986). 
 
The Pseudocythere sp. from the Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin appears to be the earliest known occurrence in Australia, but as the list 
above shows, which is by no means comprehensive, this genus was already widely 
distributed in both hemispheres. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Family EUCYTHERIDAE Puri, 1954 
 
Genus EUCYTHERE Brady, 1868 
 
Type species: Cythere declivis Norman, 1865, p. 16, Plate 5, Figs. 9-12 
 
Eucythere sp. 
(Plate 22, Fig. 10) 
 
Material: A juvenile left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile left valve Plate 22, Fig. 10 0.27 0.18 
 
Short description and remarks: This subtriangular species of Eucythere, with a very 
broadly rounded anterior margin, narrowly rounded posterior margin and steeply 
inclined dorsal margin, resembles Eucythere paralaevis Coles & Whatley, 1989 from 
the North Atlantic Ocean bathyal sediments in the late Paleocene (?) to late Oligocene of 
DSDP 549 on the Goban Spur and late Oligocene of DSDP 558 near the Mid-Atlantic 
Ridge (Coles & Whatley, 1989). However, Eucythere sp. has scattered fine puncta and 
does not have a concave ventral margin, possibly because this valve is juvenile. The 
author has also retrieved a carapace of this species from the Upper Campanian Korojon 
Calcarenite of Outtrim-1 in the Northern Carnarvon Basin. 
 
The first record of the genus Eucythere in the Pacific Ocean occurs in the Upper 
Maastrichtian bathyal sediments of DSDP 463 on the Mid-Pacific Mountains and 
consists of two species (Boomer, 1999). The Eucythere sp. C of Boomer (1999) 
resembles Eucythere paralaevis Coles & Whatley, 1989, whilst the Eucythere sp. D of 
Boomer (1999) is more rotund and resembles a left valve retrieved here from the Upper 
Santonian to Lower Campanian Toolonga Calcilutite Equivalent of Eendracht-1 in the 
Northern Carnarvon Basin. 
 
The first record of the genus Eucythere in the Southern Ocean occurs in the lowest 
Maastrichtian bathyal sediments of ODP 689B on Maud Rise, 750km north of East 
Antarctica (Majoran & Widmark, 1998), with a single right valve that also resembles 
Eucythere paralaevis Coles & Whatley, 1989. 
 
The author also retrieved a juvenile carapace of Eucythere cf. circumcostata Whatley & 
Coles, 1987 from the Northern Carnarvon Basin in the Middle Campanian Upper 
Cretaceous Carbonates of Eendracht-1. 
 
In the equatorial western Atlantic Ocean the first record of the genus Eucythere occurs 
in the Lower Maastrichtian shallow marine sediments of the Pará-Maranhão Basin, 
northeastern Brazil (Piovesan et al., 2009), with three juvenile specimens that resemble 
Eucythere cf. circumcostata Whatley & Coles, 1987. Bathyal occurrences of Eucythere 
cf. circumcostata Whatley & Coles, 1987 subsequently appear in the Late Maastrichtian 
of ODP 1052E on Blake Nose in the low latitude, western North Atlantic Ocean 
(Majoran, 1999), the Late Maastrichtian of DSDP 525A and DSDP 528 on the Walvis 
Ridge in the southern South Atlantic Ocean (Majoran et al., 1997, 1998), the Late 
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Maastrichtian to Oligocene of ODP 689B on Maud Rise in the Southern Ocean 
(Majoran et al., 1997; Majoran & Widmark, 1998; Majoran & Dingle, 2002), the late 
Eocene to late Miocene of ODP 1087 in the Cape Basin, off the southwest coast of 
Africa in the South Atlantic Ocean (Majoran & Dingle, 2001a), the Oligocene of DSDP 
463 on the Mid-Pacific Mountains (Boomer, 1999, recorded as Eucythere sp. B) and the 
Miocene of ODP 1088 on the Agulhas Ridge in the Southern Ocean (Majoran & Dingle, 
2001a). 
 
In the eastern North Atlantic Ocean, the appearance of Eucythere paralaevis Coles & 
Whatley, 1989 in the upper Paleocene (?) bathyal sediments on the Goban Spur (Coles 
& Whatley, 1989), represents the first appearance of this genus in the deep waters of this 
area. Coles et al. (1990) note that the genus has been recorded in the Cretaceous of 
England, Germany, the Netherlands and the Gulf Coast of the United States, although 
these have a modified lophodont hinge (Pyne et al., 2003) rather than a hemimerodont 
hinge. 
 
Stage and stratigraphic distribution: Upper Campanian Korojon Calcarenite of the 
Northern Carnarvon Basin and Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin. 
 
Genus ROTUNDRACYTHERE Mandelstam, 1958 
 
Type species: Eucythere rotunda Hornibrook, 1952, p. 30, Plate 2, Figs. 22-23 & 25 
 
Rotundracythere sp. 
(Plate 22, Fig. 11) 
 
Material: A left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Left valve Plate 22, Fig. 11 0.30 0.18 
 
Short description and remarks: This small, subtriangular, inflated Rotundracythere 
specimen has a lateral surface decorated by rows of deep puncta that arch upwards 
towards the anterodorsal cardinal angle, a ventral surface with a few longitudinal striae, 
and a compressed caudal extension. It is very similar to the completely punctate 
Rotundracythere gravepuncta (Hornibrook, 1952), from the late Eocene to Recent of 
New Zealand (Hornibrook, 1952; Swanson, 1969, 1978, 1979; Ayress, 1995), and the 
finely punctate and anteriorly reticulate Rotundracythere polonezensis Blaszyk, 1987, 
from the Oligocene of King George Island, West Antarctica (Blaszyk, 1987). 
 
The genus Rotundracythere was erected to accommodate Eucythere species that had an 
antimerodont, rather than hemimerodont, hinge and a more rounded and less elongate 
posterior. The type species is Rotundracythere rotunda (Hornibrook, 1952), from the 
late Eocene to Recent of New Zealand (Hornibrook, 1952), late Paleocene to late 
Eocene of Victoria (McKenzie et al., 1993; Neil, 1997), the late Eocene of South 
Australia (McKenzie, 1979) and the Pleistocene of the southeast Wharton Basin 
(Ayress, 1988; Jellinek & Swanson, 2003). Rotundracythere subovalis (Hornibrook, 
1952) also occurs in the late Eocene to Recent of New Zealand (Hornibrook, 1952; 
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Swanson, 1969; Ayress, 1995). In New Zealand, Rotundracythere mytila (Hornibrook, 
1952) occurs in the late Oligocene to Recent (Hornibrook, 1952; Swanson, 1969, 1979), 
whilst in northern Australia this species occurs in the Recent shallow marine sediments 
of Shoal Bay (Warne et al., 2006). Rotundracythere inaequa (Hornibrook, 1952) occurs 
in the Pleistocene to Recent of New Zealand (Hornibrook, 1952). 
 
On the Campbell Plateau, southeast of the South Island of New Zealand, 
Rotundracythere nux Jellinek & Swanson, 2003, which belongs to the ‘gravepuncta-
group’, currently lives at water depths of 562-981 m and Rotundracythere cf. 
gravepuncta (Hornibrook, 1952) at water depths of 1570 m (Jellinek & Swanson, 2003). 
Jellinek and Swanson (2003) also illustrate Rotundracythere sp. A-E from water depths 
of 1107-3440 m on the Campbell Plateau.  Another member of the ‘gravepuncta-group’ 
is Rotundracythere austromarscotiaensis Whatley et al., 1998, which currently lives at 
water depths of 900m in the Scotia Sea between the Antarctic Peninsula and the 
southernmost tip of South America (Whatley et al., 1998b). Rotundracythere nux 
Jellinek & Swanson, 2003 and Rotundracythere austromarscotiaensis Whatley et al., 
1998 have an irregular reticulate ornament but in the centre of the first there are several 
large deep fossae, whereas in the latter there are large circular pits (Whatley et al., 
1998b; Jellinek & Swanson, 2003). In contrast, the Rotundracythere sp. of Yasuhara et 
al. (2009b), from the Quaternary bathyal deposits of ODP 704A on Meteor Rise in the 
Southern Ocean, has a regular arrangement of deep puncta covering the valve surface. 
 
The Antarctic Rotundracythere aff. austromarscotiaensis Whatley et al., 1998, from the 
Pleistocene of the Ross Sea and currently at water depths of 110-368 m on Marion 
Island and 495-620 m in Lützow-Holm Bay, is reticulate with two rounded nodes in the 
centre, rather than large circular pits (Dingle, 2003, Plate 1, Figures 17 and 18; Yasuhara 
et al., 2007, Plate 5, Figure 9). Other Antarctic species, which lack the large central pits, 
are the finely punctate Rotundracythere polonezensis Blaszyk, 1987, from the Oligocene 
of King George Island (Blaszyk, 1987), and another species currently living in Prydz 
Bay at water depths of 907 m (Whatley et al., 1998b; Mazzini, 2005). 
 
The genus is also represented in Australia by Rotundracythere pseudosubovalis Whatley 
& Downing, 1983 in the middle (?) Eocene to early middle Miocene of Victoria 
(Whatley & Downing, 1983; Warne, 1987, 1989; McKenzie et al., 1991, 1993) and the 
late Eocene of South Australia (Majoran, 1993a), Rotundracythere fragilis McKenzie et 
al., 1991 in the late Oligocene of Victoria (McKenzie et al., 1991) and the 
Rotundracythere sp. of Ayress (1988) from the Pleistocene of the Queensland Plateau. 
The genus is also recorded in the early Oligocene and Recent of South Australia 
(McKenzie et al., 1990; Majoran, 1996b, 1997) and the Pleistocene of Victoria 
(McKenzie et al., 1990), whilst McKenzie and Peypouquet (1984) and Warne (1987, 
1989) record numerous species in the Miocene of Victoria. The genus currently occurs 
on the South Tasman Rise at water depths of 1636 m and 1874 m (Mazzini, 2005), 
whilst the Rotundracythere sp. of McKenzie (1974) and Rotundracythere bassiana 
Yassini & Jones, 1995 occur in the shallow marine waters of Bass Strait (Yassini & 
Jones, 1995). 
 
Whilst the genus Rotundracythere has an Australian - New Zealand – circum-Antarctic 
distribution, Boomer and Whatley (1995) also recorded its occurrence in the lower 
Paleocene to lower Miocene and Quaternary bathyal deposits of the Mid-Pacific 
OSTRACOD TAXONOMY 
 
181 
Mountains and McKenzie (1986) recorded its occurrence in Recent shallow marine and 
upper bathyal sediments of Tonga. The occurrence of Rotundracythere sp. in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin represents the earliest 
known occurrence of the genus. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family CYTHERURIDAE Müller, 1894 
Subfamily PARACYTHERINAE Puri, 1957 
 
Genus HEMIPARACYTHERIDEA Herrig, 1963 
 
Type species: Paracytheridea (Hemiparacytheridea) occulta Herrig, 1963 
 
Hemiparacytheridea hemingwayi Neale, 1975 
(Plate 23, Figs. 1-3) 
 
1975 Hemiparacytheridea hemingwayi Neale, p. 33,  
Plate 13, Fig. 4; Plate 15, Fig. 1 
1991 Hemiparacytheridea hemingwayi Neale, 1975;  
Neale in Haig, Plate 8, Figs. 1 & 4 
 
Materials: Two female right valves that have their dorsally directed caudal processes 
broken off and a male right valve from Eendracht-1. 
 
Dimensions  Length (mm) Height (mm) 
Adult male right valve Plate 23, Fig. 1 0.32 0.15 
Damaged adult female right valve Plate 23, Fig. 2 0.28+ 0.15 
Damaged adult female right valve Plate 23, Fig. 3 0.26+ 0.15 
 
Remarks: This species was originally described from the Gingin Chalk of the Perth 
Basin and is a “typical Hemiparacytheridea with prominent tubercles at the corners of 
the main body of the valve, and some reticulation including a rib which loops over the 
eye tubercle” (Neale, 1975). 
 
Ayress et al. (1995) note that the only difference between Hemiparacytheridea 
leopardina (Ruan & Hao, 1988) and Hemiparacytheridea hemingwayi Neale, 1975 is 
the straight dorsal margin and possible “eye tubercle” of the latter. Hemiparacytheridea 
leopardina (Ruan & Hao, 1988) occurs in the middle Eocene and Pliocene of DSDP 207 
on the Lord Howe Rise, late Oligocene to early Pliocene of DSDP 593 on the Challenger 
Plateau, middle Miocene and Pleistocene of DSDP 209 on the Queensland Plateau, 
middle Miocene of DSDP 62 on the Eauripik Ridge between the West and East Caroline 
Bains north of New Guinea, late Miocene to late Pliocene of DSDP 592 on the Lord 
Howe Rise, late Miocene of DSDP 608 in the North Atlantic Ocean, Pliocene of DSDP 
206 on the Lord Howe Rise, Pliocene and Pleistocene of DSDP 208 on the Lord Howe 
Rise, Pliocene of DSDP 289 on the Ontong-Java Plateau, Pleistocene of the Tasman Sea, 
DSDP 203 on the eastern margin of the Tasman Tectonic Plate, DSDP 588 on the Lord 
Howe Rise, DSDP 253 and DSDP 254 on the Ninetyeast Ridge in the eastern Indian 
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Ocean and DSDP 258 on the Naturaliste Plateau off southwest Australia, Quaternary of 
the South China Sea, and Recent bathyal and abyssal sediments of the southwest Pacific 
Ocean and East China Sea (Ayress et al., 1995). A similar species, which has a “more 
elongate upturned caudal process”, also occurs in the middle Eocene to middle Miocene 
of ODP 214 on the Ninetyeast Ridge (Ayress et al., 1995). 
 
Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Subfamily CYTHERURINAE Müller, 1894 
 
Genus EUCYTHERURA Müller, 1894 
Subgenus EUCYTHERURA Müller, 1894 
 
Type species: Cythere complexa Brady, 1866, p. 210 
 
Eucytherura cf. antipodum Neale, 1975 
(Plate 23, Fig. 6) 
 
 1975 Eucytherura antipodum Neale, p. 19, Plate 9, Figs. 5 & 7; Plate 16, Fig. 1 
 1991 Eucytherura antipodum Neale, 1975; Neale in Haig, Plate 8, Fig.6 
 
Material: One adult left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 23, Fig. 6 0.35 0.17 
 
Short description and remarks: This subrectangular, adult left valve, with a 
posteroventral tubercle bearing thickened muri, resembles Eucytherura antipodum 
Neale, 1975 from the Santonian Gingin Chalk (Neale, 1975), except that it has weaker 
anterodorsal and subcentral tubercles, a subdued posterodorsal costa, a more evenly 
rounded anterior margin, a shorter caudal process and reticulation that is crimped. 
 
A single specimen of Eucytherura aff. antipodum Neale, 1975 also occurs in the eastern 
Indian Ocean, in the Pleistocene of DSDP 254 at the southern limit of the Ninetyeast 
Ridge (Ayress et al., 1995). This specimen also has weaker anterodorsal and subcentral 
tubercles and lacks the fossal infillings of Eucytherura antipodum Neale, 1975 (Ayress 
et al., 1995). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Eucytherura cameloides McKenzie, Reyment & Reyment, 1993 
(Plate 23, Figs. 4-5 & 7-8) 
 
1993 Eucytherura cameloides McKenzie, Reyment & Reyment, p. 100,  
Plate 5, Figs. 3-5; Plate 8, Fig. 11 
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Material: Three female left valves (one damaged), three male left valves, six female 
right valves, three male right valves and a damaged juvenile right valve from the KG-1 
outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult female right valve Plate 23, Fig. 4 0.33 0.17 
Adult female left valve Plate 23, Fig. 5 0.33 0.17 
Adult male left valve Plate 23, Fig. 7 0.30 0.14 
Adult male right valve Plate 23, Fig. 8 0.31 0.13 
 
Remarks: The sexually dimorphic Eucytherura cameloides McKenzie et al., 1993 was 
originally described from the middle (?) to upper Eocene Browns Creek Clays at 
Browns Creek and Castle Cove, Victoria and its name and diagnosis are based on the 
Bactrian-like double hump on each valve (McKenzie et al., 1993). The occurrence of 
Eucytherura cameloides McKenzie et al., 1993 in the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin represents the earliest known record of this 
species. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin and middle (?) to upper Eocene Browns Creek Clays of 
Victoria. 
 
Eucytherura fissipunctata Neale, 1975 
(Plate 23, Figs. 9-10) 
 
 1975 Eucytherura fissipunctata Neale, p. 20, Plate 9, Fig. 3; Plate 16, Figs. 2-4 
 1991 Eucytherura fissipunctata Neale, 1975; Neale in Haig, Plate 8, Fig.3 
 
Material: One adult right valve and three damaged adult right valves (one with 
posteroventral alar spine) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 23, Fig. 9 036 0.21 
Damaged adult right valve Plate 23, Fig. 10 0.37 0.16 
 
Remarks: Eucytherura fissipunctata Neale, 1975 was originally described from the 
Santonian Gingin Chalk of the Perth Basin and the diagnosis is based on its slit-like pits 
and posteroventral alar spine (Neale, 1975). Unfortunately, in the adult right valves 
illustrated here the stubs of the posteroventral alar spine are barely visible, but one of the 
unillustrated damaged adult right valves has a distinct posteroventral alar spine. 
 
Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Eucytherura sp. 
(Plate 24, Fig. 1) 
 
Material: A juvenile right valve and a damaged juvenile right valve from the KG-1 
outcrop. 
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Dimensions  Length (mm) Height (mm) 
Juvenile right valve Plate 24, Fig. 1 0.25 0.15 
 
Short description and remarks: This subquadrate, reticulate, juvenile Eucytherura 
species, with a very bluntly convex anterior margin, very short subdorsal caudal process 
and posteroventral swelling, resembles Eucytherura indianensis Ayress et al., 1995 from 
the Pleistocene to Recent of the Ninetyeast Ridge in the eastern Indian Ocean (Ayress et 
al., 1995), except that the latter has microreticulation on the anterior half of the ventral 
surface. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus PARAHEMINGWAYELLA Dingle, 1984 
 
Type species: Hemingwayella (Parahemingwayella) barkeri Dingle, 1984, p. 136,  
Figs. 14A-C  
 
Parahemingwayella ginginensis Boomer & Whittaker, 1994 
(Plate 24, Figs. 2-6) 
 
1975 Trachyleberis pennyi Neale, Plate 9, Fig. 4; text-figs. 14e-f  
(non Plate 11, Figs. 1-3; text-figs. 14a-d & 15a-c) 
1994 Parahemingwayella ginginensis Boomer & Whittaker, p. 31-34 
 
Material: Three adult right valves, a penultimate instar right valve, two adult left valves, 
two penultimate instar left valves, a juvenile left valve and a juvenile right valve from 
KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 24, Fig. 2 0.38 0.19 
Adult left valve Plate 24, Fig. 3 0.40 0.19 
Penultimate instar left valve Plate 24, Fig. 4 0.33 0.16 
Adult left valve Plate 24, Fig. 5 0.41 0.15 
Adult right valve Plate 24, Fig. 6 0.39 0.17 
 
Remarks: The subgenus Parahemingwayella was erected by Dingle (1984) on the basis 
that it resembled a blind Hemingwayella with a slightly flexed dorsal margin and 
converging dorsal and ventral margins. At the time, Parahemingwayella was represented 
by three species from the Early to Middle Albian of the Falkland Plateau (Dingle, 1984) 
and Hemingwayella by a single species from the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975). Dingle (1984) suggested that Parahemingwayella was ancestral to 
Hemingwayella. Whilst, Ayress et al. (1995) synonymise Parahemingwayella with 
Eucytherura, for others, including this author, Parahemingwayella has retained the 
generic status it was given by Coles and Whatley (1989). 
 
Parahemingwayella ginginensis Boomer & Whittaker, 1994 was originally described as 
a juvenile of a larger trachyleberid species from the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975; Boomer & Whittaker, 1994) and has now also been identified in the 
Lower Maastrichtian Upper Cretaceous Carbonates of Eendracht-1 in the Northern 
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Carnarvon Basin (two juvenile carapaces) and the Upper Maastrichtian Miria Formation 
of the Southern Carnarvon Basin. 
 
Parahemingwayella ginginensis Boomer & Whittaker, 1994 is “related to a group of 
very similarly ornamented species which have been recorded from Cenozoic deep sea 
sediments in the western and mid-Pacific”, which is “characterised by reticulate 
ornament bearing short to relatively long, conjunctive spines” (Boomer & Whittaker, 
1994). The earliest known representative of this group is Parahemingwayella reticulata 
Dingle, 1984 (Boomer & Whittaker, 1994) from the Early to Middle Albian of the 
Falkland Plateau (Dingle, 1984). The Eucytherura sp. 9 of Boomer and Whatley (1995, 
Plate 2, Figure 22) from bathyal sediments of the Mid-Pacific Mountains in the late 
Paleocene of ODP 865B, the Oligocene of DSDP 463 and the Quaternary of ODP 866B 
(Boomer & Whatley, 1995; Boomer, 1999) also belongs to this Parahemingwayella 
group. 
 
In the bathyal sediments of the Pacific Ocean, a species of Parahemingwayella occurs in 
the late Eocene of ODP 865B on the Mid-Pacific Mountains (Boomer & Whatley, 
1995), Parahemingwayella downingae Coles & Whatley, 1989 occurs in the Oligocene 
of DSDP 463 on the Mid-Pacific Mountains (Boomer, 1999), the Late Pleistocene of the 
Tasman Sea and DSDP 209 on the Queensland Plateau, and probably the Quaternary of 
the East China Sea (Ayress et al., 1995), and two other species are recorded in the early 
and middle Miocene, respectively, of ODP 872C on the Marshall Islands (Whatley & 
Boomer, 1995). In the southwest Pacific Ocean, Parahemingwayella elegantula (Ayress 
et al., 1995) occurs in the early to middle Eocene of DSDP 207 on the Lord Howe Rise 
(Ayress et al., 1995), Parahemingwayella batalaria (Ayress et al., 1995) occurs in the 
early Miocene of DSDP 593 on the Challenger Plateau, the middle Miocene and 
Pleistocene of DSDP 209 on the Queensland Plateau, the middle Miocene of DSDP 56 
on the Caroline Ridge, middle to late Miocene of DSDP 592 and Pliocene of DSDP 207 
and DSDP 208 on the Lord Howe Rise, and Late Pleistocene to Recent of the Tasman 
Sea (Ayress et al., 1995), and Parahemingwayella sp. 3 in the Late Pleistocene of DSDP 
209 on the Queensland Plateau (Ayress et al., 1995, recorded as Eucytherura sp. 3). 
 
Parahemingwayella parabatalaria (Ayress et al., 1995) occurs in the bathyal sediments 
of the eastern Indian Ocean in the late Pliocene to Pleistocene of DSDP 254 on the 
Ninetyeast Ridge, and in the Pleistocene of DSDP 253 on the Ninetyeast Ridge, DSDP 
258 on the Naturaliste Plateau off southwest Australia and DSDP 259 on the Perth 
Abyssal Plain (Ayress et al., 1995). 
 
In the bathyal sediments of the North Atlantic Ocean, Parahemingwayella downingae 
Coles & Whatley, 1989 occurs in the late Eocene to late Oligocene of DSDP 549 on the 
Goban Spur and the late Oligocene of DSDP 558 near the Mid-Atlantic Ridge (Coles & 
Whatley, 1989). Parahemingwayella also occurs in the Pliocene of DSDP 606 near the 
Mid-Atlantic Ridge (Coles & Whatley, 1989; recorded as Eucytherura sp. 3 Whatley & 
Coles, 1987) and Ayress et al. (1995) consider this to be a variant of 
Parahemingwayella downingae Coles & Whatley, 1989. Parahemingwayella 
tetrapteron (Bonaduce et al., 1976) occurs in the late Miocene to Recent of the 
Mediterranean (Guernet, 2005; Faranda & Gliozzi, 2008), the late Quaternary of ODP 
1055B on the Carolina Slope of the subtropical western North Atlantic Ocean and the 
late Quaternary interglacials of the subpolar eastern North Atlantic Ocean (Didié, 2001; 
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Yasuhara et al., 2009a). Ayress et al. (1995) also note that van Harten informed them in 
1985 that Parahemingwayella sp. 3, recorded as Eucytherura sp. 3, also occurs at water 
depths of 2580 m in the central North Atlantic Ocean. 
 
Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin, Lower 
Maastrichtian Upper Cretaceous Carbonates of the Northern Carnarvon Basin and Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Genus HEMINGWAYELLA Neale, 1975 
 
Type species: Hemingwayella ornata Neale, 1975, p. 31, Plate 13, Figs. 8-9;  
Plate 20, Figs. 3-6; text-figs. 5c-d & f 
 
Hemingwayella sp. 
(Plate 24, Figs. 7-10) 
 
Material: Three left valves and two right valves from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 24, Fig. 7 0.33 0.16 
Adult right valve Plate 24, Fig. 8 0.35 0.13 
Adult left valve Plate 24, Fig. 9 0.37  
Adult right valve Plate 24, Fig. 10 0.31  
 
Short description and remarks: Like Hemingwayella ornata Neale, 1975, the type 
species for the genus Hemingwayella from the Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975), Hemingwayella sp. has longitudinal costae on the ventral surface, 
four short ribs on the anteroventral tubercle and a reticulate lateral surface. However, in 
Hemingwayella sp. these elements are very thick, and whilst Hemingwayella ornata 
Neale, 1975 has a single inclined longitudinal rib on the lateral surface of the posterior 
part of the valve, Hemingwayella sp. has two. While in both species the dorsal and 
ventral margins are parallel, the caudal process in Hemingwayella is acuminate and the 
left valve has a prominent anterior hinge ear. 
 
Dingle et al. (2001) records two possible species of Hemingwayella in the lower 
Miocene continental shelf sediments off the Orange River, southwest Africa, but these 
are not illustrated. 
 
Around Antarctica, reticulate species of Hemingwayella occur in the Pleistocene Taylor 
Formation of the Ross Sea, in water depths of 355-474 m at Marion Island in the 
Southern Ocean and 392 m at Elephant Island off the Antarctic Peninsula (Dingle, 
2003), and in shallower water depths of 20-50 fathoms at Kerguelen Island in the south 
Indian Ocean (Whatley et al., 1997a). Other reticulate species of Hemingwayella occur 
in Recent South American shelf sediments under the influence of the cold Malvinas 
Current from Tierra del Fuego, southern Argentina, to Cabo Frio, southeastern Brazil 
(Whatley et al., 1996, 1997a, b, 1998a; Machado et al., 2005) and the Falkland Islands 
in the southwest Atlantic Ocean (Whatley et al., 1995). 
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Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus HEMICYTHERURA Elofson, 1941 
 
Type species: Cythere cellulosa Norman, 1865, p. 22, Plate 5, Figs. 17-20;  
Plate 6, Fig. 17 
 
Hemicytherura sp. 
(Plate 25, Fig. 1) 
 
Material: A right valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 25, Fig. 1 0.36 0.19 
 
Short description and remarks: This species resembles Hemicytherura reeckmanni 
McKenzie et al., 1991 from the upper Oligocene Angahook Formation of Bells 
Headland, Victoria (McKenzie, 1974; McKenzie et al., 1991), except that the 
arrangement of the smooth muri is slightly different and Hemicytherura sp. does not 
have any microreticulation within the muri. Both species have an almost straight ventral 
margin obscured posteriorly by a projecting ventral ridge, an anteroventrally produced 
anterior margin, a short posteromedial caudal process, and a convex dorsal margin. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Subfamily PEDICYTHERINAE Sissingh, 1975 
 
Genus PEDICYTHERE Eagar, 1965 
 
Type species: Pedicythere tessae Eagar, 1965, p. 22, Plate 2, Figs. 6-8 
 
Pedicythere sp. 1 
(Plate 25, Fig. 2) 
 
Material: A left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Left valve Plate 25, Fig. 2 0.33 0.21 
 
Short description and remarks: The quadrate Pedicythere sp. 1, with a thin, blade-like 
ridge above the hinge line, resembles the Pedicythere sp. of Neale (1975), from the 
Santonian Gingin Chalk of the Perth Basin, as it has a ridge that runs from the anterior 
cardinal angle to the base of the ala, a thin, frilled, more-or-less horizontal, plate on the 
anterior part of the ala and short spiny projections on the posterior part of the ala. 
However, Pedicythere sp. 1 does not have spines on the anterior margin, although these 
could have been removed by erosion, and it has a width greater than its height. 
 
OSTRACOD TAXONOMY 
188 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Pedicythere sp. 2 
(Plate 25, Figs. 3-4) 
 
Material: A left valve and a right valve from the KG-1 outcrop. 
  
Dimensions  Length (mm) Height (mm) 
Right valve Plate 25, Fig. 3 0.36 0.16 
Left valve Plate 25, Fig. 4 0.33 0.15 
  
Short description and remarks: Pedicythere sp. 2 resembles the Pedicythere sp. of Bate 
(1972), from the Campanian Toolonga Calcilutite of the Southern Carnarvon Basin. 
Both species have a long, narrow posterodorsal caudal process, an asymmetric, spinose 
anterior margin, a straight dorsal margin that is inflected upwards at the posterior 
extremity, and a prominent narrow ala, although the latter is broken in the Pedicythere 
sp. of Bate (1972). However, Pedicythere sp. 2 has two posteroventral spines rather than 
one. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Subfamily CYTHEROPTERINAE Hanai, 1957 
 
Genus AVERSOVALVA Hornibrook, 1952 
 
Type species: Cytheropteron (Aversovalva) aureum Hornibrook, 1952, p. 58,  
Plate 15, Figs. 189-194 
 
Aversovalva sp. 
(Plate 25, Figs. 5-10) 
 
 1995 Aversovalva sp. 21, Boomer & Whatley, p. 78-79, Plate 3, Figs. 5-6 
   
Material: Fifty-five valves (predominantly juveniles) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 25, Figs. 5 & 7 0.36 0.22 
Adult left valve Plate 25, Fig. 6 0.33 0.22 
Adult left valve Plate 25, Fig. 8   
Adult right valve Plate 25, Fig. 9 0.34 0.21 
Adult left valve Plate 25, Fig. 10 0.34 0.24 
 
Short description and remarks: The valves of this species are subrhomboidal, with the 
dorsal margin of the left valve convex but that of the right valve almost straight. The 
anterior margin is unevenly rounded, with an almost straight anterodorsal margin and a 
convex anteroventral margin. The posterior margin has a short, upturned caudal process 
just above mid-height. The valves are strongly inflated with prominent, sharply pointed, 
keeled, alae and a regularly punctate surface. The edges of the alae are reticulated. In the 
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left valve the straight hinge consists of a crenulated median bar, with sockets on either 
side, and there are complementary structures in the right valve. Above the median bar in 
the left valve there is a deep groove that accommodates the dorsal margin of the smaller 
right valve. A larger left valve is what differentiates this genus from the genus 
Cytheropteron (Hornibrook, 1952). 
 
Aversovalva sp. 21 of Boomer and Whatley (1995) occurs in the bathyal sediments of 
the Mid-Pacific Mountains in the early and late Paleocene of ODP 865B and the base of 
the mixed Paleocene to Eocene interval of ODP 866B. In ODP 865B this species is 
associated with the lower Paleocene and lower upper Paleocene samples that “are 
dominated by the platycopid genera, Cytherella and Cytherelloidea” (Boomer & 
Whatley, 1995). Boomer and Whatley (1995) note that this “may indicate some degree 
of biological stress” and “may record the passage of the guyot summit through the 
oxygen minimum zone of the Pacific Ocean during the earliest Cenozoic.” 
 
The occurrence of Aversovalva sp. 21 of Boomer and Whatley (1995) in the Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin represents the earliest 
known record of this species. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin and Paleocene of the Mid-Pacific Mountains.  
 
Aversovalva cf. cooperi McKenzie, Reyment & Reyment, 1991 
(Plate 26, Figs. 1-3) 
 
1991 Aversovalva cooperi McKenzie, Reyment & Reyment, p. 156,  
Plate VI Fig. 3; Plate XI, Figs. 4A-B 
 
Material: Seventeen valves (predominantly juveniles) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 26, Figs. 1 & 2 0.35 0.22 
Damaged adult right valve Plate 26, Fig. 3 0.29+ 0.20 
 
Short description and remarks: This subrhomboidal Aversovalva species, with a distinct 
caudal process and unevenly rounded anterior margin extended anteroventrally, has the 
very large, backswept ala that has a pointed tip diagnostic of Aversovalva cooperi 
McKenzie, Reyment & Reyment, 1991, from the upper Oligocene Angahook Formation 
of Bells Headland, Victoria, except that the Western Australian species has scattered 
puncta and the Victorian species is smooth. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus OCULOCYTHEROPTERON Bate, 1972 
 
Type species: Oculocytheropteron praenuntatum Bate, 1972, p. 50, Plate 16, Figs. 1-12; 
Plate 19, Figs. 2-3; text-figs. 28A-C 
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Oculocytheropteron praenuntatum Bate, 1972 
(Plate 26, Figs. 4-9) 
 
1972 Oculocytheropteron praenuntatum Bate, p. 50, Plate 16, Figs. 1-12;  
Plate 19, Figs. 2-3; text-figs. 28A-C 
1975 Oculocytheropteron praenuntatum Bate, 1972; Neale, p. 30,  
Plate 18, Fig. 1; text-fig. 4i-j 
1991 Oculocytheropteron praenuntatum Bate, 1972; Neale in Haig,  
Plate 7, Fig. 1 
 
Material: Sixty valves (juveniles and adults) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult left valve Plate 26, Fig. 4 0.40 0.25 
Adult right valve Plate 26, Fig. 5 0.40 0.27 
Penultimate instar left valve Plate 26, Figs. 6 & 8 0.34 0.24 
Adult right valve Plate 26, Fig. 7 0.40 0.25 
Penultimate instar left valve Plate 26, Fig. 9 0.30 0.20 
 
Remarks: Oculocytheropteron praenuntatum Bate, 1972, the type species for the genus 
Oculocytheropteron, was originally described from the Santonian to Campanian 
Toolonga Calitlutite and Campanian Korojon Calcarenite of the Southern Carnarvon 
Basin (Bate, 1972) and subsequently identified by Neale (1975) in the Santonian Gingin 
Chalk of the Perth Basin. The occurrence of this species in the Upper Maastrichtian 
Miria Formation of the Southern Carnarvon Basin extends its range from the Santonian 
to the Late Maastrichtian. 
 
The genus Oculocytheropteron was erected for those Cytheropteron species that had “a 
distinct eye tubercle, an oval frontal scar, and an ala in which the anterior margin cuts 
upwards across the lateral surface” (Bate, 1972). 
 
The Santonian to Late Maastrichtian Oculocytheropteron praenuntatum Bate, 1972 
represents the earliest known occurrence of the genus Oculocytheropteron. Elsewhere in 
Australia, the genus Oculocytheropteron occurs in late Paleocene to Recent sediments 
(Whatley & Downing, 1983; McKenzie & Peypouquet, 1984; Warne, 1987, 1989, 1993; 
McKenzie et al., 1990, 1991, 1993; Yassini & Jones, 1995; Majoran, 1996a, b; Neil, 
1997; Warne et al., 2006; Clarke et al., 2001; Warne & Soutar, 2011). In New Zealand it 
occurs in late Eocene to Recent sediments (Ayress, 1993b, 1995, 2003; Milhau, 1993; 
Swanson, 1979). In South America it occurs in the late Paleogene of Argentina (Whatley 
et al., 1988; Echevarría, 1998) and Recent shelf sediments under the influence of the 
cold Malvinas Current from Tierra del Fuego, southern Argentina, to Cabo Frio, 
southeastern Brazil (Whatley et al., 1996, 1997a, b, 1998a; Machado et al., 2005). It also 
occurs in the Oligocene of King George Island, West Antarctica (Blaszyk, 1987), in the 
southern Scotia Sea and the Weddell Sea (Whatley et al., 1998b), in water depths of 
110-425m on the Kerguelen Plateau in the south Indian Ocean (Ayress et al., 2004), and 
in the warm waters around the Solomon Islands in the Pacific Ocean (Titterton & 
Whatley, 2006a). 
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Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin, 
Santonian to Campanian Toolonga Calcilutite, Campanian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Genus PELECOCYTHERE Athersuch, 1979 
 
Type species: Pelecocythere sylvesterbradleyi Athersuch, 1979, p. 13 & 15,  
Plates 14, 16, 18 & 20; text-figs. 1-2 
 
Pelecocythere sp. 1 
(Plate 27, Figs. 1-6) 
 
Material: Ninety valves (predominantly juveniles, some fragments) from the KG-1 
outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 27, Fig. 1 0.85 0.50 
Adult left valve Plate 27, Fig. 2 0.80 0.59 
Adult right valve Plate 27, Fig. 3 0.83 0.51 
Adult left valve Plate 27, Fig. 4 0.89 0.56 
Juvenile left valve Plate 27, Fig. 5 0.38 0.25 
Penultimate instar left valve Plate 27, Fig. 6 0.69 0.48 
 
Short description and remarks: Pelecocythere sp. 1 resembles Pelecocythere 
carinoalatum (Bate, 1972), from the Santonian to Campanian Toolonga Calcilutite and 
Campanian Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 1972) and the 
Middle to Late Campanian of James Ross Island, Antarctica (Fauth et al., 2003), except 
that Pelecocythere sp. 1 has a smooth lateral surface. Both species have a straight dorsal 
margin in the right valve, a convex dorsal margin in the left valve, a convex ventral 
margin with a subtle medial concavity, a straight antimerodont hinge, an accomodation 
groove in the left valve, an ornament of three ridges parallel to the alar margin, and a 
slightly caudate, triangular posterior margin with a subtle posterodorsal concavity. They 
also have the diagnostic flattened ventral surface that is formed by the large, 
ventrolaterally-projected alae that extend from the anterior margin to the posterior 
margin. The ventral surface is ornamented by longitudinal ridges and the alae are 
perforated by large pore canals. Whilst the holotype and paratypes illustrated by Bate 
(1972) have transverse wrinkles on the lateral surface, he notes that the largest paratype 
(Io.4572), which is not illustrated, is “perfectly smooth and even lacks the alar ridges 
which are present in otherwise smooth specimens.” Both variations in surface ornament 
are included in Pelecocythere carinoalatum (Bate, 1972) as they both occur together in 
Bate’s (1972) samples. However, in the Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin only the smooth variant is present, and these two variants are 
probably two different species. 
 
Pelecocythere carinoalatum (Bate, 1972), along with Pelecocythere collisarboris 
(Neale, 1975), from the Santonian Gingin Chalk of the Perth Basin (Neale, 1975), and 
Pelecocythere dinglei Piovesan et al., 2010 from the Santonian to Campanian of the 
Santos Basin of southeast Brazil (Piovesan et al., 2010) are the earliest known 
representatives of the genus. Other Late Cretaceous species include Pelecocythere? 
sinecaudata Herrig, 1992 from the Maastrichtian of Germany (Piovesan et al., 2010), 
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Pelecocythere aff. carinoalatum (Bate, 1972) from the Late (?) Campanian and Early 
Maastrichtian of the San Jorge Gulf Basin, located between the Neuquén Basin of west-
central Argentina and the Austral Basin of southern Argentina (Rossi de García and 
Proserpio, 1980), Pelecocythere cf. trinidadensis (van den Bold, 1960) from the latest 
Maastrichtian and middle Eocene of the Demerara Rise in the western tropical Atlantic 
Ocean, off Surinam (Guernet & Danelian, 2006), and the Pelecocythere? sp. 5042 from 
the latest Maastrichtian of the North Island of New Zealand (Dingle, 2009). In Victoria, 
the shallow water species Pelecocythere parageios Neil, 1997 subsequently appears in 
the upper Paleocene Pebble Point Formation of the Otway Basin (Neil, 1997). 
 
Corrège (1993) recorded the genus Pelecocythere in water depths of 950-2243 m in the 
western Coral Sea of the southwest Pacific Ocean, and Whatley and Ayress (1988) 
illustrate two different bathyal forms of Pelecocythere sp. from the Miocene to 
Quaternary of the southwest Pacific and northeast Indian Oceans, one of which currently 
lives at water depths of 1690-1874 m on the South Tasman Rise (Mazzini, 2005). 
Another species, recorded as Pelecocythere trinidadensis (van den Bold, 1960) but not 
illustrated, occurs in water depths of 1404-1587m on the Kerguelen Plateau in the south 
Indian Ocean (Ayress et al., 2004). The type species, Pelecocythere sylvesterbradleyi 
Athersuch, 1979, was recovered from water depths of 3680-3697 m in the northeast 
Atlantic Ocean off southwest Ireland (Athersuch, 1979), and Pelecocythere purii Neale, 
1988 occurs in abyssal water depths as deep as 4796 m in the North Atlantic Ocean 
(Neale, 1988). Pelecocythere sylvesterbradleyi Athersuch, 1979 first appears in the 
North Atlantic Ocean in the late Eocene and also occurs in the Pacific Ocean in the 
Pliocene to Quaternary (Whatley & Ayress, 1988; Coles et al., 1990), whilst 
Pelecocythere trinidadensis (van den Bold, 1960) occurs in the North Atlantic Ocean in 
the late Eocene to Recent from Trinidad to New Jersey and the late Miocene to Pliocene 
of western Africa (Guernet & Bellier, 2000; Guernet & Danelian, 2006), and in the 
eastern equatorial Pacific Ocean in the late Oligocene to late Pliocene (Steineck et al., 
1988). Pelecocythere foramena Whatley & Coles, 1987 occurs in the upper Miocene to 
Quaternary bathyal sediments of the North Atlantic Ocean (Whatley & Coles, 1987).  
 
Pelecocythere galleta currently lives at water depths of 1408m in the Scotia Sea 
between the Antarctic Peninsula and the southernmost tip of South America (Whatley et 
al., 1988, 1998b) and 3208m on the South Tasman Rise (Mazzini, 2005). Bathyal 
occurrences of the genus Pelecocythere have also been recorded in the Paleocene to 
Oligocene of Maud Rise in the Southern Ocean, 750km north of East Antarctica 
(Steineck & Thomas, 1996; Majoran & Dingle, 2002), the early Oligocene to 
Pleistocene of the Exmouth Plateau (Guernet, 1993), the early Oligocene to early 
Miocene of the South China Sea (Zhao, 2005), the early Miocene to Pliocene of Agulhas 
Ridge in the Southern Ocean (Majoran & Dingle, 2001a), the early Miocene and early 
Pliocene of the Rio Grande Rise and the Plio-Pleistocene of the São Paulo Plateau in the 
South Atlantic Ocean (Benson, 1977; Benson & Peypouquet, 1983), and the Quaternary 
of ODP 704A on Meteor Rise in the Southern Ocean Yasuhara et al. (2009b). 
  
Neil (1997) and Dingle (2009) observed that Pelecocythere was originally a shallow 
water genus that subsequently migrated to bathyal and abyssal depths. Based on the 
occurrence of Pelecocythere cf. trinidadensis (van den Bold, 1960) in the bathyal 
sediments of Demerara Rise in the western tropical Atlantic Ocean, off Surinam 
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(Guernet & Danelian, 2006), this transition seems to have occurred in the latest 
Maastrichtian. 
 
Stage and stratigraphic distribution: Santonian to Campanian Toolonga Calcilutite, 
Campanian Korojon Calcarenite and Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Pelecocythere sp. 2 
(Plate 27, Figs. 7-10 & Plate 28, Figs. 1-3) 
 
Material: 152 specimens (juveniles and adults, valves and carapaces, some fragments) 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 27, Fig. 7 0.77 0.46 
Adult left valve Plate 27, Fig. 8 0.76 0.51 
Adult right valve Plate 27, Fig. 9 0.74 0.43 
Adult left valve Plate 27, Fig. 10 0.74 0.49 
Adult carapace Plate 28, Fig. 1 0.74  
Adult carapace Plate 28, Fig. 2 0.74 0.41 
Penultimate instar right valve Plate 28, Fig. 3 0.62 0.37 
 
Short description and remarks: Pelecocythere sp. 2 also resembles Pelecocythere 
carinoalatum (Bate, 1972), from the Santonian to Campanian Toolonga Calcilutite and 
Campanian Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 1972) and the 
Middle to Late Campanian of James Ross Island, Antarctica (Fauth et al., 2003), except 
that the slightly smaller Pelecocythere sp. 2 has a coarsely reticulate lateral surface. 
Whilst the smooth Pelecocythere sp.1 is similar to the smooth variants of Pelecocythere 
carinoalatum (Bate, 1972), the coarsely reticulate Pelecocythere sp. 2 is more 
reminiscent of the variants of Pelecocythere carinoalatum (Bate, 1972) that have 
transverse wrinkles. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family XESTOLEBERIDIDAE Sars, 1928 
 
Genus XESTOLEBERIS Sars, 1866 
 
Type species: Cythere aurantia Baird, 1838, p. 143, Plate 5, Fig. 26  
 
Xestoleberis sp. 1 
(Plate 28, Figs. 4-9) 
 
Material: 33 specimens (juveniles and adults, valves and carapaces, some damaged) 
from the KG-1 outcrop. 
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Dimensions  Length (mm) Height (mm) 
Adult male left valve Plate 28, Fig. 4 0.41 0.22 
Adult male right valve Plate 28, Fig. 5 042 0.21 
Adult male left valve Plate 28, Fig. 6 0.43 0.18 
Adult female right valve Plate 28, Fig. 7 0.38 0.16 
Adult female carapace Plate 28, Fig. 8 0.44  
Adult male carapace Plate 28, Fig. 9 0.36  
 
Short description and remarks: Xestoleberis sp. 1 is smooth, subovate and strongly 
inflated, with a narrowly rounded anterior margin, broadly rounded posterior margin, 
convex dorsal margin and biconvex ventral margin with a slight medial ventral 
concavity. This, and the next species, appears to be the earliest record of the genus 
Xestoleberis in Australia. The genus subsequently appears in the upper Paleocene Pebble 
Point Formation and possibly the upper Paleocene to lower Eocene Dilwyn Formation of 
the Otway Basin, Victoria (Neil, 1997; Eglington, 2006). Ayress (1995) illustrates five 
species from the upper Eocene Ashley Mudstone Formation of the South Island of New 
Zealand, and Xestoleberis chilensis austrocontinentalis Hartmann, 1962 resembles 
Xestoleberis sp. in lateral view, except that the latter has a broader posterior margin and 
a more rounded anterior margin. 
  
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Xestoleberis sp. 2 
(Plate 29, Figs. 2, 4 & 6) 
 
Material: 14 specimens (juveniles and adults, valves and carapaces, some damaged) 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 29, Fig. 2 0.43 0.26 
Juvenile right valve Plate 29, Fig. 4 0.29 0.18 
Adult carapace Plate 29, Fig. 6 0.40  
 
Short description and remarks: This Xestoleberis species has a more arched dorsal 
margin and concave ventral margin than Xestoleberis sp. 1, which in lateral view 
appears hemispherical. It also has a slight anteroventral beak. It is also possible that 
there are two different species here as one species has a more evenly rounded dorsal 
margin, and the other has a stronger ventral inflation with a striated underside. 
  
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus UROLEBERIS Triebel, 1958 
 
Type species: Eocytheropteron parnensis Apostolescu, 1955, p. 259, Plate 4, Figs. 66-67 
 
Subgenus LACEOUROLEBERIS Neale & Baoren, 1993 
 
Type species: Uroleberis batei Neale, 1975, p. 36, Plate 22, Fig. 3; text-fig. 7a-c 
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Uroleberis (Laceouroleberis) sp. 
(Plate 29, Figs. 1, 3 & 5) 
 
Material: 18 specimens (juveniles and adults, valves and carapaces, some damaged) 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 29, Fig. 1 0.45 0.28 
Adult left valve Plate 29, Fig. 3 0.44 0.25 
Adult carapace Plate 29, Fig. 5 0.42  
 
Short description and remarks: Neale and Baoren (1993) established the subgenus 
Laceouroleberis to accommodate species with a well-marked accommodation groove in 
the left valve but without the typical shape and caudal process of Uroleberis. Until now 
the only representative of this subgenus was Uroleberis (Laceouroleberis) batei Neale, 
1975 from the Santonian Gingin Chalk of the Perth Basin (Neale & Baoren, 1993). 
Whilst Uroleberis (Laceouroleberis) batei Neale, 1975 is rounded triangular in lateral 
view and elliptical in dorsal view, Uroleberis (Laceouroleberis) sp. is hemispherical in 
lateral view and almost circular in dorsal view. In lateral view the posterior of both 
species is more acuminate than Xestoleberis. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948 
Subfamily PENNYELLINAE Neale, 1975 
 
Genus AGULHASINA Dingle, 1971 
 
Type species: Agulhasina quadrata Dingle, 1971, p. 414, Plate VIII, Fig. b; text-fig. 15 
 
Agulhasina quadrata Dingle, 1971 
(Plate 29, Figs. 7-10) 
 
 1971 Agulhasina quadrata Dingle, p. 414, Plate 8, Fig. B, text-fig. 15 
 1981 Agulhasina quadrata Dingle, 1971; Dingle, p. 79, Figs. 37A-B & 44A 
 
Material: Three left valves (one damaged), two right valves, the posterior of a right 
valve, the anterior of a right valve, a juvenile carapace, a juvenile left valve, two 
juvenile left valve anteriors, two juvenile left valve posteriors, nine juvenile right valves 
(four damaged), two juvenile right valve anteriors, three juvenile right valve posteriors 
and six juvenile fragments from the KG-1 outcrop. A damaged juvenile right valve from 
the UWA Cardabia stratigraphic hole. 
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Dimensions  Length (mm) Height (mm) 
Adult female left valve Plate 29, Fig. 7 0.87 0.50 
Juvenile right valve Plate 29, Fig. 8 0.53 0.30 
Adult female right valve Plate 29, Fig. 9 0.85 0.45 
Male right valve Plate 29, Fig. 10 0.90 0.33 
 
Short description and remarks: This subquadrate, blind, reticulate and spinose, 
trachyleberidid species, with hinge ears at the cardinal angles, spinose ventrolateral 
ridge and spinose anterior marginal ridge, belongs to the subfamily Pennyellinae, which 
also includes the genera Pennyella Neale, 1974, Agrenocythere Benson, 1972 and 
Rugocythereis Dingle, Lord & Boomer, 1990 (Dingle et al., 1990). The ornament is very 
distinctive and Dingle (1971), who originally described the species from the 
Maastrichtian of the Agulhas Bank, notes that the “reticulate pattern is pseudoconcentric 
and the walls between the individual pits are crimped.” Dingle (1981) notes that this 
Agulhas Bank setting is unusual, as it is thought to represent a “quiet, shallow-water 
environment on the outer edge of the continental shelf or on the uppermost continental 
slope.” 
 
From the Northern Carnarvon Basin, the author has also retrieved a juvenile right valve, 
and three fragments from the Upper Campanian Upper Cretaceous Carbonates of 
Eendracht-1 and two fragments from the Middle Campanian Calcareous Claystone of 
Outtrim-1. The genera Pennyella and Rugocythereis have also been retrieved from the 
Santonian to Campanian sediments of the Northern Carnarvon Basin (Damotte, 1992; 
this study). 
 
Agulhasina sudoceanica Majoran &Widmark, 1998 occurs in the Campanian and 
Maastrichtian bathyal sediments of ODP 689B on Maud Rise in the Southern Ocean, 
750km north of East Antarctica (Majoran & Widmark, 1998) and the middle to Upper 
Maastrichtian bathyal sediments of DSDP 327A on the Falkland Plateau (Majoran et al., 
1998). Majoran and Widmark (1998) note that the lack of inward spinose projections of 
the reticulum muri and decreased marginal denticulation is probably an ecophenotypic 
phenomenon. 
 
Dingle (1981) noted that the Genus B sp. of Bate (in Bate & Bayliss, 1969), from the 
Campanian of Tanzania, resembles Agulhasina quadrata Dingle, 1971, and it is possible 
that this genus “originated during the Campanian in the east Africa area.” However, by 
the Campanian this genus also occurs in the Northern Carnarvon Basin and Maud Rise. 
 
Stage and stratigraphic distribution: Upper Campanian Upper Cretaceous Carbonates 
and Middle Campanian Calcareous Claystone of the Northern Carnarvon Basin, Upper 
Maastrichtian Miria Formation of the Southern Carnarvon Basin and Maastrichtian III of 
the Agulhas Bank. 
 
Subfamily UNICAPELLINAE Dingle, 1981 
 
Genus DUTOITELLA Dingle, 1981 
 
Type species: Dutoitella dutoiti Dingle, 1981, p. 86, Figs. 40B-F, 43A 
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Dutoitella crassinodosa (Guernet, 1985) 
(Plate 30, Figs. 1 & 3) 
 
1985  “Cythereis” crassinodosa Guernet, 1985, Guernet, p. 284,  
Plate 3, Figs. 8-9 & 11-12 
2001 Dutoitella crassinodosa (Guernet, 1985);  
Guernet, Bignot, Colin & Randriamanantenasoa, Plate 4, Fig. 6 
 
Material: Two right valves and a left valve with a damaged posterior from Eendracht-1. 
 
Dimensions  Length (mm) Height (mm) 
Adult right valve Plate 30, Fig. 1 0.94 0.46 
Adult right valve Plate 30, Fig. 3 0.90 0.44 
 
Short description and remarks: Dutoitella crassinodosa (Guernet, 1985) was originally 
described from the bathyal sediments of the Indian Ocean in the early to late Eocene of 
DSDP 214 on the Ninetyeast Ridge (Guernet, 1985). It is characterised by an irregular 
reticulation, a strong subcentral tubercle and thick marginal and longitudinal ridges 
(Guernet, 1985). Two similar species occur in the middle Eocene of DSDP 219 on the 
Laccadive-Chagos Ridge of the Arabian Sea and the early Eocene of DSDP 245 in the 
Madagascar Basin (Guernet, 1985). In contrast, Dutoitella dinglei Guernet et al., 2001, 
from the early Paleocene of Madagascar, is smooth (Babinot et al., 1996, recorded as 
Cythereis sp.; Guernet et al., 2001), and the Dutoitella sp. of the Maastrichtian from the 
Northern Carnarvon Basin (this study) and Gen. Indet. 1 sp. 1 of Dingle (1976) from the 
Paleoecene of the continental shelf off Natal, South Africa, are pitted. 
 
There are two potential early records of the genus Dutoitella. The earliest is the 
Ostrácodo E of Ballent (1998, Plate 4, Figure 9) from the Albian of the Austral Basin of 
southern Argentina, which Ballent noted resembled Dutoitella mimica Dingle, 1981, 
from the Santonian to Maastrichtian of the southeast South African outer continental 
shelf (Dingle, 1971, 1981, 1985), the middle to Late Maastrichtian of Tanzania (Bate & 
Bayliss, 1969), the Maastrichtian to late Eocene of ODP 689B on Maud Rise in the 
Southern Ocean, 750km north of East Antarctica (Majoran & Widmark, 1998; Majoran 
& Dingle, 2002), the middle to Late Maastrichtian of DSDP 327A on the Falkland 
Plateau (Majoran et al., 1998), the Late Maastrichtian to Eocene of the Northeast 
Georgia Rise (Majoran et al., 1998; Majoran & Dingle, 2001b), and the Late 
Maastrichtian of DSDP 356 on the São Paulo Plateau, to the west of the Rio Grande 
Rise. The other is one of the Rehacythereis sp. 2 specimens illustrated by Andreu et al. 
(2007) in Plate 8, Figure 18, from the Late Cenomanian to Coniacian of northwest India, 
which resembles Dutoitella dutoiti Dingle, 1981, the type species from the Campanian 
to Maastrichtian of Zululand, South Africa (Dingle, 1981). The diagnostic features of 
the genus Dutoitella are a ventrolateral ridge that is continuous with the anterior 
marginal ridge and a prominent subcentral tubercle with a short nodose ridge just behind 
it (Dingle, 1981). The Dutoitella sp. of Babinot et al. (2009, Plate 2, Figure 11), from 
the Early Cenomanian of Madagascar, does not have these features and consequently 
does not belong to the genus Dutoitella. 
 
Dutoitella sp. is also recorded in the Lower Maastrichtian shallow marine sediments of 
the Pará-Maranhão Basin on the Brazilian equatorial margin (Piovesan et al., 2009), and 
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in bathyal sediments of the South Atlantic Ocean in the middle to Late Maastrichtian of 
DSDP 327A on the Falkland Plateau (Majoran et al., 1998) and the Late Maastrichtian 
of DSDP 528 (?) and DSDP 529 on the Walvis Ridge (Majoran et al., 1997). A possible 
Dutoitella sp. is also recorded by Dingle (1996) from the Santonian deep-water fan 
sediments of the KUDU-9A3 borehole near the mouth of the Orange River, southwest 
Africa and by Majoran (1999) from the Maastrichtian bathyal sediments of ODP 1049B 
from Blake Nose, in the low latitude, western North Atlantic Ocean. 
 
Dutoitella eocenica (Benson, 1977) occurs in the early (?) to middle Eocene of DSDP 
357 on the Rio Grande Rise in the South Atlantic Ocean (Benson, 1977), the middle 
Eocene to late Oligocene of DSDP 549 on the Goban Spur in the eastern North Atlantic 
Ocean (Coles & Whatley, 1989), and the early Oligocene to Pliocene of ODP 1148 in 
the South China Sea (Zhao, 2005). Dutoitella praesuhmi Coles & Whatley, 1989 occurs 
in the North Atlantic Ocean, near the Mid-Atlantic Ridge, in the Oligocene to Miocene 
of DSDP 558 and the middle to late Miocene of DSDP 563 (Coles & Whatley, 1989). 
The Dutoitella sp. 3 of Majoran and Dingle (2001a) occurs in the lower Miocene to 
Pliocene bathyal sediments of ODP 1088 on the Agulhas Ridge in the Southern Ocean 
(Majoran & Dingle, 2001a), and is similar to species on the Rio Grande Rise in the 
South Atlantic Ocean in the middle to upper Miocene bathyal sediments of DSDP 357 
(Benson, 1977, recorded informally as Suhmicythere sp.) and the middle Miocene 
bathyal sediments of DSDP 516 (Benson & Peypouquet, 1983, recorded informally as 
Suhmicythere sp.), and in the western Indian Ocean in the middle to late Oligocene of 
DSDP 238 at the southern end of the Laccadive-Chagos Ridge and the middle Miocene 
and early Pliocene of DSDP 237 on the Mascarene Plateau (Benson, 1974, recorded 
informally as Suhmicythere sp. and Neoatlanticythere sp.). The Henryhowella aff. evax 
(Ulrich & Bassler, 1904) of Echevarría (1990) from the Eocene shallow marine 
sediments of Tierra Del Fuego Island at the southernmost tip of South America is 
remarkably similar to the Dutoitella sp. 3 of Majoran & Dingle (2001a). Another 
Dutoitella species occurs in the Oligocene of ODP 689B on Maud Rise in the Southern 
Ocean (Majoran & Dingle, 2002), and in the southern Indian Ocean, three species of 
Dutoitella occur in the late Eocene, late Oligocene and middle Miocene of ODP 744A 
on the Kerguelen Plateau (Bergue & Govindan, 2010). 
 
Dutoitella lesleyae Dingle, 2003 occurs in water depths of 90-474 m around the Prince 
Edward and Marion Islands in the Southern Ocean (Brady, 1880; Dingle, 2003; Mazzini, 
2005), whereas Dutoitella is recorded in water depths of about 1500-2000 m in the 
Tasman Sea (Ayress et al., 1997) and 1490-2369 m in the western Coral Sea of the 
southwest Pacific Ocean (Corrège, 1993). Dutoitella spinaplana Mazzini, 2005 is very 
common at water depths of 3022 m on the South Tasman Rise (Mazzini, 2005), whilst 
Ayress et al. (2004) retrieved a single Dutoitella specimen, recorded as Dutoitella suhmi 
(Brady, 1880), from a water depth of 3584 m on the Kerguelen Plateau in the south 
Indian Ocean. In the Atlantic Ocean recorded water depths range from 2916 m to 4595 
m (Dingle et al., 1990). This genus inhabits both shallow marine and deep marine 
environments, and the migration onto the continental slope appears to have occurred in 
the Maastrichtian. 
  
Mazzini (2005) notes that the completely reticulate Dutoitella suhmi (Brady, 1880), 
from the northwest Pacific Ocean, “has a secondary ornament which consists of 8-14 
round punctae within the meshes of the reticulation”, whilst this is absent from the 
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Dutoitella suhmi (Brady, 1880) of Whatley and Coles (1987) from the upper Miocene to 
Quaternary bathyal sediments of the mid North Atlantic Ocean and of Dingle et al. 
(1990) from the Quaternary bathyal sediments of southwest Africa. The same can be 
said for those of Alvarez Zarikian (2009) from the upper Quaternary bathyal sediments 
of the subpolar North Atlantic Ocean, whilst those of Steineck et al. (1988, recorded as 
“Suhmicythere” suhmi (Brady, 1880)) from the late Oligocene to late Pliocene of the 
eastern equatorial Pacific Ocean are not illustrated. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Upper Cretaceous Carbonates 
of the Northern Carnarvon Basin and lower to upper Eocene bathyal sediments of the 
Ninetyeast Ridge. 
 
Dutoitella sp. 
(Plate 30, Fig. 2) 
 
Material: A left valve with a damaged posterior from Eendracht-1. 
 
Dimensions  Length (mm) Height (mm) 
Damaged adult left valve Plate 30, Fig. 2  0.48 
 
Remarks: The author has also retrieved a right valve with a damaged posterior from the 
Northern Carnarvon Basin in the Lower Maastrichtian Upper Cretaceous Claystones of 
Zeewulf-1. These damaged valves are very similar to the Gen. Indet. 1 sp. 1 of Dingle 
(1976, Figure 11.35) from the Paleoecene of the continental shelf off Natal, South 
Africa. The Gen. Indet. 1 sp. 1 of Dingle (1976), which is associated initially with 
charophytes, was tentatively assigned to Dutoitella dinglei Guernet et al., 2001, from the 
early Paleocene of Madagascar (Babinot et al., 1996, recorded as Cythereis sp.; Guernet 
et al., 2001), despite having a pitted rather than smooth lateral surface. The Gen. Indet. 1 
sp. 1 of Dingle (1976) has finer pits than the Dutoitella sp. from the Maastrichtian of the 
Northern Carnarvon Basin. 
 
Stage and stratigraphic distribution: Lower Maastrichtian Upper Cretaceous Claystones 
and Upper Maastrichtian Upper Cretaceous Carbonates of the Northern Carnarvon 
Basin. 
 
Subfamily TRACHYLEBERIDINAE Sylvester-Bradley, 1948 
 
Genus OERTLIELLA Pokorný, 1964 
 
Type species: Cythere reticulata Kafka, 1886, p. 15, Fig. 32 
 
Oertliella exquisita Bate, 1972 
(Plate 30, Figs. 4-10) 
 
1972 Oertliella exquisita Bate, p. 66, Plate 24, Fig. 1;  
Plate 25, Figs. 1-3 & 6-7; text-figs. 37A-G 
1991 Oertliella exquisita Bate, 1972; Neale in Haig, Plate 6, Fig. 2 
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Material: 55 specimens (juveniles and adults, valves and carapaces, some fragments) 
from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult female carapace Plate 30, Fig. 4 0.77 0.45 
Adult female right valve Plate 30, Fig. 5 0.83 0.47 
Juvenile right valve Plate 30, Fig. 6 0.55 0.30 
Adult male left valve Plate 30, Fig. 7 0.86 0.45 
Penultimate instar left valve Plate 30, Fig. 8 0.70 0.37 
Adult male right valve Plate 30, Fig. 9 0.80 0.38 
Adult male left valve Plate 30, Fig. 10 0.77 0.34 
 
Remarks: Oertliella exquisita Bate, 1972 was originally described from the Campanian 
Toolonga Calcilutite and Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 
1972). Its occurrence in the Miria Formation of the Southern Carnarvon Basin extends 
its range into the Late Maastrichtian. 
 
Dingle (1981) noted that Oertliella maastrichtia Dingle, 1981, from the Campanian to 
Maastrichtian continental shelf to upper slope sediments of Zululand, South Africa, was 
very close to Oertliella exquisita Bate, 1972, although there were a number of subtle 
differences. Bassiouni and Luger (1990) also noted that Oertliella khargensis Bassiouni 
& Luger, 1990, from the Maastrichtian middle shelf sediments of southern Egypt and 
northeast Sinai (Bassiouni & Luger, 1990; El-Nady, 2002), was closely related to 
Oertliella maastrichtia Dingle, 1981 and Oertliella exquisita Bate, 1972. 
 
Hermanites sagitta Bate, 1972 differed from other species of the genus Hermanites Puri, 
1955 as it had a holamphidont hinge, a V-shaped frontal scar, a narrow vestibulum and a 
“distinct arrow-head shape in dorsal or ventral view” (Bate, 1972). Based on these 
features and the reticulate ornament bearing small spines illustrated in Plate 24, Figure 5 
of Bate (1972), it appears that this species, from the Santonian to Campanian Toolonga 
Calcilutite and the Campanian Korojon Calcarenite of the Southern Carnarvon Basin 
(Bate, 1972), is closely related to the genus Oertliella, only the latter is not alate. 
 
Stage and stratigraphic distribution: Campanian Toolonga Calcilutite and Korojon 
Calcarenite, and Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Genus HENRYHOWELLA Puri, 1957 
 
Type species: Cythere evax Ulrich & Bassler, 1904, p. 119, Plate 36, Figs. 6-8 
 
Henryhowella sp. 
(Plate 31, Fig. 1) 
 
Material: A fragment of a left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Fragment of a left valve Plate 31, Fig. 1   
 
Remarks: This Henryhowella fragment resembles the hololectotype of Henryhowella 
melobesioides (Brady, 1869), from a water depth of 270 m off the South African Cape 
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of Good Hope, illustrated by Mazzini (2005, Figures 26J-M) as ‘Cythere’ melobesioides 
(Brady, 1869). Mazzini (2005) noted that if ‘Cythere’ melobesioides (Brady, 1869) is 
assigned to the genus Henryhowella then the definiton of Henryhowella requires 
modification to include non-plicate forms with a different outline. Whilst Mazzini 
(2005) also suggested that ‘Cythere’ melobesioides (Brady, 1869) could be assigned to 
the genus Fallacihowella Jellinek & Swanson, 2003 if the definition of Fallacihowella 
was modified to include forms with central muscle scars in a subcentral tubercle, 
Yasuhara et al. (2009b) preferred to consider Fallacihowella a junior synonym of the 
genus Henryhowella. 
 
Henryhowella reticulata robusta Guernet, 1993, which is coarsely reticulate and  
tri-plicate, subsequently occurs in the lower Paleocene to lower Miocene bathyal 
sediments of the Exmouth Plateau (Guernet & Galbrun, 1992; Guernet, 1993). 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus SCEPTICOCYTHEREIS Bate, 1972 
 
Type species: Scepticocythereis ornata Bate, 1972, p. 68, Plate 26, Figs. 1-8;  
Plate 27, Figs. 11-12; text-figs. 37A-F 
 
Scepticocythereis ornata Bate, 1972 
(Plate 31, Fig. 2) 
 
1917 Cythereis ornatissima Reuss, sp., var. reticulata Jones & Hinde; 
Chapman, p. 55, Plate 14, Fig. 12 
1972 Scepticocythereis ornata Bate, p. 68, Plate 26, Figs. 1-8;  
Plate 27, Figs. 11-12; text-figs. 37A-F 
1975 Scepticocythereis ornata Bate, 1972; Neale, p. 61, Plate 2, Fig. 10;  
Plate 21, Fig. 4; text-figs. 12d, f & h 
1991 Scepticocythereis ornata Bate, 1972; Neale in Haig,  
Plate 6, Figs. 13 & 15 
 
Material: A male right valve from Zeewulf-1. 
 
Dimensions  Length (mm) Height (mm) 
Adult male right valve Plate 31, Fig. 2 0.90 0.42 
 
Short description and remarks: Scepticocythereis ornata Bate, 1972 was originally 
described by Bate (1972) from the Santonian Toolonga Calcilutite of the Southern 
Carnarvon Basin, and was subsequently identified by Neale (1975) in the Santonian 
Gingin Chalk of the Perth Basin. The author has also retrieved the species from 
Santonian to Upper Campanian sediments of the Northern Carnarvon Basin. This 
consists of two juvenile carapaces (one damaged) and a juvenile right valve from the 
Santonian to Lower Campanian Upper Cretaceous Marls of Zeewulf-1, a juvenile 
carapace from the Upper Santonian to Lower Campanian Upper Cretaceous Carbonates 
of Scarborough-1, and a penultimate instar carapace, three juvenile carapaces (one 
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damaged) and a damaged juvenile left valve from the Middle to Upper Campanian 
Upper Cretaceous Carbonates of Eendracht-1. 
 
Neale (1975) notes that it can easily be distinguished by its straight dorsal margin, lack 
of a prominent anterior cardinal ‘ear’ and its characteristic neat reticulation. There are 
three lateral ridges (Bate, 1972) that are “virtually absent” (Neale, 1975). The 
ventrolateral ridge consists of a discontinuous series of spines, the dorsal ridge a few, 
isolated short spines, and the median ridge in the posterior half of the carapace small 
spinose development (Bate, 1972). Although Neale (1975) thought that 
Scepticocythereis should probably be a subgenus of the genus Limburgina Deroo, 1966, 
he was able to differentiate between Scepticocythereis ornata Bate, 1972 and the very 
similar Limburgina aurora Neale, 1975, also from the Santonian Gingin Chalk, based 
primarily on the latter having a short, median longitudinal rib rather than small spinose 
development. Based on Neale’s (1975) illustrations, Limburgina aurora Neale, 1975 
also has a large and well developed eye tubercle and a dorsal margin that curves 
upwards towards the anterior cardinal angle creating an ‘ear’, whereas Scepticocythereis 
ornata Bate, 1972 has a more subdued eye tubercle at or slightly below the anterior 
cardinal angle and a straight dorsal margin due to the absence of a prominent anterior 
cardinal ‘ear’. As a consequence, this author has retained Chapman’s (1917) male 
carapace in the synonymy, whereas Dingle (2009) considers it non-conspecific. 
 
Three populations of Scepticocythereis cf. ornata Bate, 1972, with a slightly less 
acuminate posterior margin and a more robust paramphidont hinge, occur in the latest 
Maastrichtian of the North and South Islands of New Zealand (Dingle, 2009), and the 
Scepticocythereis? sp. 5044 of Dingle (2009) occurs in the latest Maastrichtian of the 
South Island of New Zealand. 
 
The alate Scepticocythereis sanctivincentis Majoran, 1996, with a V-shaped frontal 
muscle scar and conspicuously inflated anterior margin (Majoran, 1996c), occurs in the 
late Paleocene of Victoria (Neil, 1997, recorded as ‘Cythereis’ sp., Figure 5E) and the 
late Eocene of South Australia and Victoria (McKenzie et al., 1993, recorded as 
“Cythereis” sp, Plate 6, Figure 9 not 10; Majoran, 1996a, recorded as Cletocythereis sp., 
1996b, recorded as Scepticocythereis sp., Figure 9U & 1996c). The Dumontina? sp. A of 
Neil (1994, Plate 2, Figures 9 & 10), from the early middle Miocene of Victoria, may be 
juvenile representatives of the genus Scepticocythereis. 
 
The genus Scepticocythereis has a range of Santonian to possibly the early middle 
Miocene and is endemic to Australia and New Zealand. 
 
Stage and stratigraphic distribution: Santonian Gingin Chalk of the Perth Basin, 
Santonian to Lower Campanian Upper Cretaceous Marls and Upper Santonian to Upper 
Campanian Upper Cretaceous Carbonates of the Northern Carnarvon Basin, Santonian 
Toolonga Calcilutite and Upper Maastrichtian Miria Formation of the Southern 
Carnarvon Basin. 
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Genus GLENCOELEBERIS Jellinek & Swanson, 2003 
 
Type species: Glencoeleberis occultata Jellinek & Swanson, 2003, p. 23,  
Plate 7, Figs. 1-4; Plate 8, Figs. 1-4; Plate 9, Figs. 1-2 
 
Jellinek and Swanson (2003) erected the genus Glencoeleberis for an elongate, 
subtriangular trachyleberid, from shelf and upper bathyal sediments, with spinose 
anterior and posterior ends, a well developed subcentral tubercle, an eye tubercle and a 
lateral ornament consisting of an elevated ventrolateral ridge, several lateral nodes and 
faint secondary striae that often form an irregular meshwork. They were able to 
differentiate between the three genera, Glencoeleberis, Taracythere and Trachyleberis, 
using both the hard parts and the soft parts, especially the epipodal and male ‘hemipene’ 
morphologies, and suggested the possibility of another new genus. 
 
Jellinek and Swanson (2003) considered Trachyleberis lytteltonensis Harding & 
Sylvester-Bradley, 1953, from shallow marine waters around New Zealand (Hornibrook, 
1952; Harding & Sylvester-Bradley, 1953; Swanson, 1978, 1979), which they illustrated 
in Plate 3, to be Trachyleberis scabrocuneata (Brady, 1880), the type species for the 
genus Trachyleberis. However, Warne (2008) has pointed out that the identity of the 
ostracod species Trachyleberis scabrocuneata (Brady, 1880) should be based on the 
lectotype specimen designated by Harding and Sylvester-Bradley (1953), from the 
Inland Sea of Japan, and illustrated by Jellinek and Swanson (2003) in Plate 5, Figures 
3a-d. The significant differences in the soft parts of the two species prompted Jellinek 
and Swanson (2003) to suggest that a new genus should be erected to account for this. 
Others have also noticed differences. Tanaka (2008) records various species of 
Trachyleberis with Trachyleberis scabrocuneata (Brady, 1880) in the Recent shallow 
marine sediments of the Tsushima Strait, between the Sea of Japan and the East China 
Sea, and notes that these are different to the Trachyleberis sp. of Wang et al. (1988) 
from the East China Sea. Whilst I do consider the type materials of Trachyleberis 
scabrocuneata (Brady, 1880) and Trachyleberis lytteltonensis Harding & Sylvester-
Bradley, 1953 to belong to separate genera, I refer to them here as belonging to separate 
species groups within Trachyleberis. 
 
In terms of carapace morphology, the Japanese type species as defined by Harding and 
Sylvester-Bradley (1953) for the genus Trachyleberis has a less distinct subcentral 
tubercle, an ocular rib that runs parallel to the anterior margin, no reticulation, an 
acuminate posterior and a flattened ventral region. Whilst the ornament of the 
Trachyleberis scabrocuneata species group is usually nodose or spinose, those of Japan 
and Korea during the Miocene are reticulate (Irizuki et al., 2004). 
 
The three genera illustrated by Jellinek & Swanson (2003) have an anterior peripheral 
rim composed of a double row of tubercular spines, but in the Japanese type species as 
defined by Harding and Sylvester-Bradley (1953) for the genus Trachyleberis there is a 
depression that extends from the dorsal margin, behind the eye tubercle, around to the 
flattened ventral margin. In Taracythere Ayress, 1995, Glencoeleberis Jellinek & 
Swanson, 2003 and Trachyleberis lytteltonensis Harding & Sylvester-Bradley, 1953, this 
depression pinches out at the eye tubercle and ventrally it swings upwards on to the 
lateral surface above a ventrolateral ridge or row of tubercular spines. They also have in 
the anteroventral region a cluster of usually four to five nodes. 
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Ayress (1995) erected the genus Taracythere for a “blind, spinose trachyleberid genus 
with a prominent spine close to the posteroventral margin below a ventrolateral ridge or 
row of shorter spines. The anterior marginal rim is wide and the posterior margin is 
upturned with maximum length just above midheight of the valve. External valve 
surface only weakly primarily reticulate and usually secondarily reticulate.” Ayress 
(1995) noted that the genus occurs in the early Eocene to early Miocene of New Zealand 
(Hornibrook, 1953; Milhau, 1993; Ayress, 1993a, b, 1995, 2003, 2006), the middle 
Eocene of DSDP 209 on the Queensland Plateau and DSDP 207 on the Lord Howe Rise 
(Millson, 1988), the late Oligocene and Pliocene to Quaternary of the Tasman Sea 
(Smith, 1983; Downing, 1985; Millson, 1988; Ayress, 1988), the late Oligocene of ODP 
763 and early Miocene of ODP 762 on the Exmouth Plateau (Guernet, 1993), and the 
Quaternary of Okinawa-Jima between the East China and Philippines Seas (Nohara, 
1987). Although Ayress (1995) also assigns the ornamentally similar Echinocythereis 
karooma McKenzie et al., 1993, from the early Eocene to early Oligocene of southern 
Australia  (McKenzie et al., 1993; Majoran, 1996a, b; Eglington, 2006), to the genus 
Taracythere, this species has two frontal scars rather than a single V-shaped frontal scar, 
so the original assignation still stands. Jellinek and Swanson (2003) added several new 
species from the Pleistocene of DSDP 206 and DSDP 207 on the Lord Howe Rise 
(Smith, 1983), the Pleistocene of DSDP 593 and Recent mid-upper bathyal sediments of 
the Challenger Plateau, west of the South Island of New Zealand (Ayress, 1994; Jellinek 
& Swanson, 2003), and the Recent upper bathyal sediments of the Campbell Plateau, 
southeast of the South Island of New Zealand (Jellinek & Swanson, 2003), although 
these species “display only a weak posterior upswing”, and consequently have a 
subtriangular rather than subrectangular lateral outline. Bergue and Govindan (2010) 
also identified a Taracythere sp. in the upper Eocene bathyal sediments of ODP 744A 
on the Kerguelen Plateau in the southern Indian Ocean, whilst Taracythere abyssora 
Ayress et al., 2004 occurs in Recent abyssal sediments of the Kerguelen Plateau (Ayress 
et al., 2004). 
 
Other species that are assigned here to the genus Taracythere are: 
 
 Henryhowella? sp. in Zhao (2005) from the lower Miocene upper bathyal 
sediments of ODP 1148 in the South China Sea 
 Actinocythereis? reticulospinosa Ayress, 1993 from the middle Eocene of the 
South Island of New Zealand (Ayress, 1993a), due to the long spine close to the 
posteroventral margin and despite the presence of a small ocular sinus 
 Actinocythereis microagrenon Ayress, 1995, from the late Eocene to early 
Miocene of New Zealand (Ayress, 1995), due to the long spine close to the 
posteroventral margin and despite the presence of a weak eye tubercle 
 Glencoeleberis? cf. brevicosta (Hornibrook, 1952) from the upper Oligocene to 
lowest Miocene Otekaike Limestone and the lower Miocene Bluecliffs Silt of the 
South Island of New Zealand (Ayress, 2006) 
 Trachyleberis brevicosta Hornibrook, 1952 from the late Oligocene to early late 
Miocene of the South Island of New Zealand (Hornibrook, 1952) 
 
The genus Taracythere appears to have originated in New Zealand in the early Eocene. 
It subsequently appears in the middle Eocene of the Lord Howe Rise and Queensland 
Plateau, the late Eocene of the Kerguelen Plateau, the late Oligocene of the Tasman Sea 
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and Exmouth Plateau, the early Miocene of the South China Sea, the Quaternary of the 
East China Sea, the Pleistocene of the Challenger Plateau, and recently on the Campbell 
Plateau. 
 
The Taracythere DS1 (Grékoff, 1979), which was originally assigned to the genus 
Cythereis, from the latest Albian to Early Cenomanian of Madagascar (Collignon et al., 
1979; Babinot et al., 2009), does not belong to the genus Taracythere. It is very similar 
to Cythereis samantai (Singh, 1997), which was originally assigned to the genus 
Actinocythereis, from the latest Albian to Late Cenomanian of northwest India (Singh, 
1997; Andreu et al., 2007). Also, Taracythere antakaranaensis Babinot et al., 2009, 
from the latest Albian to Early Cenomanian of Madagascar (Collignon et al., 1979; 
Babinot et al., 2009), does not belong to the genus Taracythere. It is very similar to the 
Rehacythereis sp. 1 of Andreu et al. (2007) from the Turonian of northwest India, except 
that the latter is more coarsely reticulate. During the Cenomanian-Turonian, northwest 
India and Madagascar were part of a South Tethyan ostracod province that included the 
southern margins of South America and South Africa, the east coast of Africa, the 
Middle East, northern Africa, northern South America and a Trans-Saharan Seaway to 
West Africa and northeastern Brazil (Andreu et al., 2007). Although Ali and Aitchison 
(2008) note that during the Aptian to Turonian the Kerguelen Plateau may have formed 
a link between India and Australia-Antarctica, by the Early Turonian the Central 
Kerguelen Plateau was bathyal (Holbourn & Kuhnt, 2002) and an open oceanic gateway 
had severed this link. 
 
According to Warne and Whatley (1996)“the absence of obvious longitudinal lateral 
surface ribs (usually three) distinguishes Trachyleberis from Actinocythereis.” The type 
species Actinocythereis exanthemata (Ulrich & Bassler, 1904) is from the Miocene of 
Maryland, Florida, Cuba and Guatemala  (Puri, 1953a, b), and as Guernet (1993) pointed 
out when he moved his northeast Indian Ocean Actinocythereis species to the genus 
Trachyleberis, Actinocythereis has a hemispherical crest on the anterior margin and an 
undifferentiated subcentral tubercle. Although this may need further investigation, the 
muscle scar pattern described by Puri (1953a, b) for Actinocythereis exanthemata 
(Ulrich & Bassler, 1904) consists of four oval spots in a vertical row with two scars in 
front of them. In contrast, the genus Trachyleberis has a V-shaped frontal scar. It 
appears that the genus Actinocythereis, like the Trachyleberis scabrocuneata species 
group, does not occur in the Australia-New Zealand region. 
 
Trachyleberis lytteltonensis Harding & Sylvester-Bradley, 1953, recorded as 
Trachyleberis scabrocuneata (Brady, 1880) by Brady (1898), first appears in the late 
Miocene of New Zealand (Hornibrook, 1952). Whilst some of the specimens illustrated 
in Jellinek and Swanson (2003) are rectangular (Plate 3, Figures 1 and 2), others are 
triangular (Plate 3, Figure 3). Compared with the genus Taracythere, this species has a 
well-developed subcentral tubercle, an eye tubercle and a ventrolateral row of nodes that 
remains near the ventral margin and does not curve away from the ventral margin 
upwards towards the posterior. It also lacks the prominent spine close to the 
posteroventral margin that is diagnostic of Taracythere, and is “usually located at the 
apex of a short “V” shaped ridge which, particularly in the RV, forms a right angle and 
over-reaches the margin” (Ayress, 1995). Compared with the genus Glencoeleberis, this 
species has a denser concentration of regularly arranged lateral nodes behind the 
subcentral tubercle, rather than an arrangement of tubercular spines in three more or less 
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distinct longitudinal rows, and a ventrolateral row of nodes that remains near the ventral 
margin, rather than an elevated ventrolateral ridge. 
 
Species that are assigned here to the Trachyleberis lytteltonensis species group are: 
 
 Trachyleberis huantraicoensis Bertels, 1969 from the lower Paleocene Roca 
Formation of the Neuquén Basin of west-central Argentina (Bertels, 1973) 
 Henryhowella aff. cuevense Bertels, 1975 in Echevarría (1990) from the Eocene 
shallow marine sediments of Tierra Del Fuego Island at the southernmost tip of 
South America 
 Trachyleberis aorata Bergue & Coimbra, 2008 from the Upper Pleistocene to 
Recent outer shelf and bathyal sediments of the Santos Basin, southeastern Brazil 
(Bergue et al., 2006; Bergue & Coimbra, 2008) 
 Trachyleberis sp. in Machado et al. (2005) from the Recent mid-shelf sediments 
off Cabo Frio, southeastern Brazil 
 Trachyleberis? sp. in Eglington (2006) from the lower Eocene Dilwyn 
Formation of the Otway Basin, Victoria 
 “Rocaleberis” sudaustralis McKenzie et al., 1991 from the upper Eocene Gull 
Rock Member of the Willunga Embayment, South Australia and the upper 
Oligocene Angahook Formation of Bells Headland, Victoria (McKenzie, 1979; 
McKenzie et al., 1991) 
 Echinocythereidinae? sp. in McKenzie et al. (1991) from the upper Oligocene 
Angahook Formation of Victoria 
 Trachyleberis brevicosta major McKenzie et al., 1991 from the upper Eocene 
Gull Rock Member of the Willunga Embayment, South Australia, and the middle 
(?) to upper Eocene Browns Creek Clays at Browns Creek and Castle Cove and 
the upper Oligocene Angahook Formation of Bells Headland, Victoria 
(McKenzie et al., 1991, 1993) 
 Trachyleberis probesioides Hornibrook, 1952 from the early Miocene to late 
Pliocene of the South Island of New Zealand (Hornibrook, 1952) 
 Trachyleberis cf. probesioides Hornibrook, 1952 of McKenzie et al. (1991) from 
the upper Oligocene Angahook Formation of Bells Headland, Victoria 
 Actinocythereis aff. probesioides (Hornibrook, 1952) in Majoran (1996a, b) from 
the upper Eocene Blanche Point Formation (Perkana Member only) and the 
lower Oligocene Port Willunga Formation of the Willunga Embayment, South 
Australia 
 Actinocythereis gippsi Warne et al., 2006 from the Recent shallow marine 
sediments of Shoal Bay, Northern Territory, which Warne et al. (2006) note “is 
similar to the Trachyleberis cf. probesioides Hornibrook, 1952 of McKenzie et 
al. (1991) and Trachyleberis brevicosta major McKenzie et al., 1991” 
 Trachyleberis jilletti Ayress, 1993 from the latest Oligocene to earliest Miocene 
of the South Island of New Zealand (Ayress, 1993b, 2003) 
 Trachyleberis? thomsoni ayressi Milhau, 1993 from the early Miocene of the 
North Island of New Zealand (Milhau, 1993), which Ayress (2006) noted is more 
closely related to Trachyleberis jilletti Ayress, 1993 than Glencoeleberis cf. 
occultata Jellinek & Swanson, 2003 and which Dingle (2009) did not consider 
“to be congeneric with Trachyleberis” 
 “Trachyleberis” denticulata Milhau, 1993 from the early Miocene of the North 
Island of New Zealand (Milhau, 1993) 
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 Trachyleberis? retizea Hornibrook, 1952 from the early Miocene of New 
Zealand (Hornibrook, 1952; Ayress, 2006), which Hornibrook (1952) notes is 
close to a species from the early Pliocene of Muddy Creek, Victoria 
 Trachyleberis sp. 3633, which closely resembles Trachyleberis floridus Warne & 
Whatley, 1996, from the lower and middle Miocene continental shelf sediments 
off the Orange River, southwest Africa (Dingle et al., 2001) 
 Trachyleberis floridus Warne & Whatley, 1996 from the lower to middle 
Miocene Fyansford Formation and middle Miocene Muddy Creek Marl of 
Victoria (Warne, 1989; Neil, 1994; Warne & Whatley, 1996) 
 Dumontina? cratis Neil, 1994 from the middle Miocene Muddy Creek Marl of 
Victoria (Neil, 1994) 
 Ponticocythereis? aff. manis Whatley & Titterton, 1981 from the middle 
Miocene Muddy Creek Marl of Victoria (Neil, 1994, Plate 2, Figure 4 only; Plate 
2, Figures 3 & 5 belong to Trachyleberis floridus Warne & Whatley, 1996) 
 Actinocythereis cf. dampierensis Hartmann, 1978 from the latest Miocene of 
Victoria (Warne, 1989, Plate 56, Figures A-C), which resembles Trachyleberis 
floridus Warne & Whatley, 1996 more than Actinocythereis dampierensis 
Hartmann, 1978, a junior synonym of Actinocythereis tetrica (Brady, 1880) 
 Trachyleberis sp. C in Warne (1989) from the lower to middle Miocene 
Fyansford Formation of Victoria 
 Genus A sp. A of Jellinek (1993) from Recent sediments of the Kenyan Barrier 
Reef, which has an unusual sculpture but is similar to Trachyleberis floridus 
Warne & Whatley, 1996 
 Trachyleberis bathymarina Ayress, 1993 from Pliocene to Recent bathyal and 
abyssal sediments of the Tasman Sea, Chatham Rise, Kerguelen Plateau, Meteor 
Rise, Walvis Ridge and possibly the southernmost South Atlantic Ocean (Ayress, 
1993c; Ayress et al., 2004; Yasuhara et al., 2009b) 
 
This genus appears to have originated in the early Paleocene of west-central Argentina. 
It subsequently appears in the Eocene of Tierra Del Fuego Island, the early Eocene of 
Victoria, the late Eocene of South Australia, the latest Oligocene of New Zealand, the 
early Miocene of southwest Africa, the late Quaternary of the Tasman Sea and Chatham 
Rise, the Pleistocene of southeastern Brazil and possibly the Agulhas Ridge, and in the 
Recent sediments of northern Australia, the Kenyan Barrier Reef, and in the Southern 
Ocean, the Kerguelen Plateau and Meteor Rise. 
 
Glencoeleberis thomsoni (Hornibrook, 1952), which Jellinek and Swanson (2003) had 
tentatively moved from the genus Trachyleberis, has the following distribution: 
 
 late Paleocene/early Eocene to Recent in New Zealand (Hornibrook, 1952), 
although only the Recent specimens were illustrated by Hornibrook (1952) 
 uppermost Paleocene/lowest Eocene to lower Eocene Dilwyn Formation of the 
Otway Basin, Victoria, where it is smaller than those from New Zealand and 
South Australia (Eglington, 2006) 
 upper Eocene Blanche Point Formation (Gull Rock Member only) of the 
Willunga Embayment, South Australia Majoran (1996a, b) 
 lower Oligocene Earthquakes Marl, upper Oligocene Kokoamu Greensand, and 
upper Oligocene to lowest Miocene Otekaike Limestone and greensands of the 
South Island of New Zealand (Ayress, 1993b, 2003, 2006) 
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 lower Miocene Gowan Hill Sandstone of the South Island of New Zealand 
(Swanson, 1969) 
 
Glencoeleberis aff. thomsoni Hornibrook, 1952 also occurs in the upper Eocene 
Tortachilla Limestone and the lower Oligocene Port Willunga Formation, above and 
below the upper Eocene Blanche Point Formation of the Willunga Embayment, South 
Australia Majoran (1996b). 
 
Glencoeleberis cf. armata Jellinek & Swanson, 2003 occurs in the upper Oligocene to 
lowest Miocene Otekaike Limestone and the lower Miocene Bluecliffs Silt of the South 
Island of New Zealand (Ayress, 2006), Glencoeleberis cf. occultata Jellinek & 
Swanson, 2003 in the upper Oligocene Kokoamu Greensand and upper Oligocene to 
lowest Miocene Otekaike Limestone of the South Island of New Zealand (Ayress, 
1993b, 2006), the blind Glencoeleberis occultata Jellinek & Swanson, 2003 in Recent 
sediments of the Otago Shelf and Campbell Plateau, southeast of the South Island of 
New Zealand (Jellinek & Swanson, 2003), and the blind Glencoeleberis armata Jellinek 
& Swanson, 2003 and Glencoeleberis cf. armata Jellinek & Swanson, 2003, in Recent 
sediments of the Challenger Plateau, west of the South Island of New Zealand (Jellinek 
& Swanson, 2003). 
 
The Actinocythereis sp. of Ayress (1994), from the upper Eocene outer shelf sediments 
of DSDP 593 on the Challenger Plateau, west of the South Island of New Zealand, 
resembles Glencoeleberis occultata Jellinek & Swanson, 2003, and as a consequence it 
is assigned to the genus Glencoeleberis. 
 
Other species from Australia and New Zealand which are assigned here to the genus 
Glencoeleberis are: 
 
 Trachyleberis hornibrooki Dingle, 2009 from the uppermost Maastrichtian 
Upper Laidmore Formation at Mid-Waipara River Gorge on the South Island of 
New Zealand (Dingle, 2009), which resembles the small form of Trachyleberis 
thomsoni Hornibrook, 1952 illustrated in Figure 11.5 of Ayress (1995) 
 Actinocythereis aff. thomsoni Hornibrook, 1952 from the middle Eocene 
Hampden Formation of the South Island of New Zealand Ayress (1993a), which 
Dingle (2009) considered was “probably not conspecific with” the Trachyleberis 
thomsoni Hornibrook, 1952 Recent type specimens or those from the early 
Oligocene to early Miocene (Swanson, 1969; Ayress 1993b, 2003, 2006) 
 The two forms of Trachyleberis thomsoni Hornibrook, 1952 of Ayress (1995) 
from the upper Eocene Ashley Mudstone Formation of the South Island of New 
Zealand, which Dingle (2009) considered was “probably not conspecific with” 
the Trachyleberis thomsoni Hornibrook, 1952 Recent type specimens or those 
from the early Oligocene to early Miocene (Swanson, 1969; Ayress 1993b, 2003, 
2006) 
 Trachyleberis orientalis rete Guernet, 1993 from the early Paleocene to late 
Oligocene of ODP 762 and the middle Eocene to early Miocene of ODP 763 on 
the Exmouth Plateau (Guernet & Galbrun, 1992; Guernet, 1993) 
 Trachyleberis orientalis orientalis (Guernet, 1985), from the early to late Eocene 
of DSDP 214 on the Ninetyeast Ridge (Guernet, 1985)  
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 Trachyleberis sp. 2, from the Eocene-Oligocene boundary of DSDP 214 on the 
Ninetyeast Ridge (Guernet, 1985), and the middle Eocene to Pleistocene of ODP 
762 and the late Eocene to late Pliocene of ODP 763 on the Exmouth Plateau 
(Guernet & Galbrun, 1992; Guernet, 1993) 
 Trachyleberis sp. of Guernet (1993), from the late Oligocene of ODP 762B on 
the Exmouth Plateau 
 Trachyleberis careyi McKenzie et al., 1991 from the upper Oligocene Angahook 
Formation and the lower Miocene Point Addis Limestone of Bells Headland, 
Victoria (McKenzie et al., 1991), and the variations in the upper Paleocene 
Pebble Point Formation and the upper Paleocene to lower Eocene Dilwyn 
Formation of the Otway Basin, Victoria (Neil, 1997; Eglington, 2006) and the 
middle (?) to upper Eocene Browns Creek Clays at Browns Creek and Castle 
Cove, Victoria (McKenzie et al., 1993) 
 Trachyleberis brevicosta australis McKenzie et al., 1991, from the upper 
Oligocene Angahook Formation of Bells Headland, Victoria and the Oligocene 
of Bore WLG 40 of the Willunga Embayment, South Australia (McKenzie, 
1979; McKenzie et al., 1991) 
 Trachyleberis sp. A in Warne (1989) from the lower to middle Miocene 
Fyansford Formation of Victoria 
 Acanthocythereis sp. A in Warne (1989) from the latest Miocene of Victoria 
 Glencoeleberis? cf. G. incerta (McKenzie et al., 1991) of Ayress (2006) from 
the upper Oligocene to lowest Miocene Otekaike Limestone and the lower 
Miocene Bluecliffs Silt of the South Island of New Zealand 
 Acanthocythereis incerta McKenzie et al., 1991 from the upper Oligocene 
Angahook Formation of Bells Headland, Victoria (McKenzie et al., 1991) 
 Actinocythereis sp. in Ayress (1993a), from the middle Eocene Hampden 
Formation of the South Island of New Zealand 
 Acanthocythereis sp. in McKenzie et al. (1993, Plate 6, Figure 10 not 9) from the 
middle (?) Eocene Browns Creek Clays at Browns Creek, Victoria 
 Trachyleberis maslinensis Majoran, 1996 from the upper Eocene Blanche Point 
Formation of the Willunga Embayment, South Australia (Majoran, 1996a, b) 
 Trachyleberis paucispinosa McKenzie et al., 1993 from the middle (?) to upper 
Eocene Browns Creek Clays at Browns Creek and Castle Cove, Victoria 
(McKenzie et al., 1993), upper Eocene Blanche Point Formation (Gull Rock 
Member only) of the Willunga Embayment, South Australia Majoran (1996a, b) 
and upper Eocene Ashley Mudstone Formation of the South Island of New 
Zealand (Ayress, 1995) 
 Actinocythereis? sp. A in Neil (1994) from the middle Miocene Muddy Creek 
Marl of Clifton Bank and Hentys, Victoria 
 Actinocythereis rugibrevis (Hornibrook, 1952), which Swanson (1969) had 
assigned to the genus Henryhowella, from the late Oligocene to late Miocene of 
the South Island of New Zealand (Hornibrook, 1952; Swanson, 1969; Ayress, 
1993b) and Recent shallow marine sediments of the North Island of New 
Zealand (Warne & Whatley, 1996), which Warne and Whatley (1996) noted has 
“a close affinity to some larger Indo/Pacific Trachyleberis species (T. tridens, T. 
thomsoni and T. careyi)” 
 Trachyleberis? tridens Hornibrook, 1952 from the late Eocene to early Miocene 
of New Zealand (Hornibrook, 1952; Ayress, 1993b, 2006), which Coles and 
Whatley (1989) had only tentatively assigned to their new genus Legitimocythere 
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 Actinocythereis tetrica (Brady, 1880), whose neotype was designated by Warne 
and Whatley (1996) and illustrated in Plate 27, Figures 4-6 of Puri and Hulings 
(1976), from the Oligocene of New Zealand (Hornibrook, 1952), late Miocene 
(Warne, 1993), Pliocene (Warne & Soutar, 2011) and Recent of Australia 
(Yassini et al., 1993; Warne & Whatley, 1996; Clarke et al., 2001; Warne et al., 
2006), Recent of New Caledonia in the southwest Pacific Ocean (Hoibian et al., 
2000, 2002) and possibly the Eocene of Seymour Island, Antarctica (Szczechura, 
2001) 
 Actinocythereis jervisbayensis (Yassini & Jones, 1995) from the late Miocene to 
Pliocene of Victoria (Warne, 2005) and the Recent shallow marine sediments of 
southeast Australia (Yassini & Jones, 1995) 
 Actinocythereis scutigera (Brady, 1868) from Recent shallow marine sediments, 
from the Persian Gulf to the Indo-Pacific Ocean (Mostafawi, 2003), including 
the South China Sea and northern Australia (Warne et al., 2006) 
 Actinocythereis costata Hartmann, 1978 from Recent shallow marine sediments 
of the west and north coast of Australia (Hartmann, 1979; Warne et al., 2006) 
 
In the shallow marine Coniacian Upper Gearle Siltstone of the Southern Carnarvon 
Basin, Bate (1972) identified two Trachyleberis species. Whilst one has a very weak 
reticulation between the spines, they both have eye tubercles and the distribution of 
spines is reminiscent of Glencoeleberis armata Jellinek & Swanson, 2003. As a 
consequence, they both belong to the genus Glencoeleberis and represent the earliest 
known occurrences of the genus. 
 
Trachyleberis anteplana Bate, 1972, from the shallow marine Campanian Toolonga 
Calcilutite and Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 1972) and 
the shelf edge deposits of the Late Coniacian in ODP 763B on the Exmouth Plateau and 
the Campanian in ODP 761B on the Wombat Plateau (Damotte, 1992), also has a 
distribution of spines that is reminiscent of Glencoeleberis armata Jellinek & Swanson, 
2003, as well as a “prominent eye tubercle” and a “reticulate network of very fine striae” 
(Bate, 1972). As a consequence, it too is assigned to the genus Glencoeleberis.  
 
Trachyleberis raynerae Neale, 1975 and Trachyleberis pennyi Neale, 1975 occur in the 
shallow marine Santonian Gingin Chalk of the Perth Basin (Neale, 1975). Neale (1975) 
notes that Trachyleberis raynerae Neale, 1975 “bears some resemblance” and “is clearly 
related” to Trachyleberis anteplana Bate, 1972, and as a consequence it too belongs to 
the genus Glencoeleberis. However, despite the fact that Trachyleberis pennyi Neale, 
1975 “differs from the typical Trachyleberis in its small size” (Neale, 1975), it does 
have a Glencoeleberis-like lateral outline, a well developed subcentral tubercle, an eye 
tubercle, an elevated ventrolateral ridge and a few lateral nodes, which may not be 
aligned medially in the posterior region, but do have a similar distribution to those of 
Glencoeleberis occultata Jellinek & Swanson, 2003, and as a consequence it also 
belongs to the genus Glencoeleberis. The author has also retrieved Glencoeleberis 
raynerae (Neale, 1975) from the Northern Carnarvon Basin, in the Upper Santonian to 
Lower Campanian Upper Cretaceous Carbonates of Scarborough-1 and the Campanian 
Upper Cretaceous Carbonates of Eendracht-1. 
 
In the Campanian sediments of James Ross Island, Antarctica, there is an indeterminant 
trachyleberidinae-like species with a spinose ornament and eye tubercle (Fauth et al., 
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2003) that resembles in general form the genus Glencoeleberis, but the poor state of 
preservation means that this is difficult to verify. In ODP 689B on Maud Rise in the 
Southern Ocean, 750km north of East Antarctica, Glencoeleberis cf. orientalis orientalis 
(Guernet, 1985) occurs in the middle (?) Eocene, whilst a reticulate variant, recorded as 
Actinocythereis sp., occurs in the early (?) Eocene, and a pustulose variant, recorded as 
Trachyleberis sp. b, occurs in the middle (?) to late Eocene (Majoran & Dingle, 2002). 
Majoran and Widmark (1998) also recovered, but did not illustrate, three juvenile valves 
from the Maastrichtian bathyal sediments of ODP 689B, and it is assumed here that 
these belong to the genus Glencoeleberis. 
 
The Trachyleberis sp. of Majoran et al. (1997, 1998), from the Upper Maastrichtian 
bathyal sediments of DSDP 356 on the São Paulo Plateau, to the west of the Rio Grande 
Rise, and the Legitimocythere sp. of Majoran et al. (1997), from the bathyal sediments 
of ODP 689B on Maud Rise in the Southern Ocean, 750km north of East Antarctica, 
however, have the ventrolateral row of spatulate spines diagnostic of the genus 
Abyssophilos, which was erected by Jellinek and Swanson (2003) for Abyssophilos 
leptodictyota (Ayress, 1995), from the upper Eocene outer shelf to upper bathyal 
sediments of the South Island of New Zealand, and Abyssophilos ktis Jellinek & 
Swanson, 2003, from Recent upper bathyal sediments of the Campbell Plateau, 
southeast of the South Island of New Zealand. 
 
Southeastern Brazil, whose continental margin is adjacent to the Rio Grande Rise, 
occupies a transitional realm that is influenced by upwelling of the cold Malvinas 
Current flowing northwards along the east coast of South America (Machado et al., 
2005). Species from southeastern Brazil which are assigned here to the genus 
Glencoeleberis are: 
 
 Actinocythereis sp. in Miller et al. (2002) from the Maastrichtian and Eocene 
outer shelf to upper bathyal sediments of the Santos Basin 
 Cythereis? sp. in Benson and Peypouquet (1983) from the lower Oligocene and 
lower Miocene upper and mid-bathyal sediments of DSDP 516 on the Rio 
Grande Rise in the South Atlantic Ocean 
 Trachyleberis sp. in Benson and Peypouquet (1983) from lower Oligocene to 
upper Miocene and upper Pliocene upper and mid-bathyal sediments of DSDP 
516 on the Rio Grande Rise, some of which are blind whilst others have vestigial 
eye tubercles, and which vary in their degree of spinosity and trace reticulation 
 Trachyleberis? sp. recorded but not illustrated by Benson (1977) in the middle 
Eocene of DSDP 357 on the Rio Grande Rise, 
 Actinocythereis brasiliensis Machado & Drozinski, 2002 from the Recent 
shallow marine sediments off Cabo Frio (Machado et al., 2005), which 
resembles the Actinocythereis sp. of Ayress (1993a), from the middle Eocene 
Hampden Formation of the South Island of New Zealand, which was assigned 
here to the genus Glencoeleberis 
 
Dingle (1980) notes that the blind Trachyleberis zululandensis Dingle, 1980, from the 
Campanian to Maastrichtian shallow marine and upper bathyal sediments of Zululand, 
South Africa (Dingle, 1980, 1981), is similar to Trachyleberis schizospinosa Dingle, 
1971, from the Maastrichtian shelf edge deposits of the Agulhas Bank (Dingle, 1971, 
1981), and Glencoeleberis raynerae (Neale, 1975), from the Santonian Gingin Chalk of 
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the Perth Basin (Neale, 1975). As a consequence both of these South African species are 
assigned to the genus Glencoeleberis. 
 
However, the Trachyleberis minima Dingle, 1980, from the lowest Campanian mid-
outer shelf sediments of Zululand, South Africa (Dingle, 1980, 1981), is nodose with a 
curved ventrolateral row of tubercles that is discontinuous with the anterior marginal 
row of tubercles, and it closely resembles Trachyleberis spininodosa (El Sweify, 1984), 
from the middle and late Paleocene of Egypt (Bassiouni & Luger, 1990) and to some 
extent Actinocythereis allisoni Holden, 1964, from the Upper Campanian-Maastrichtian 
Rosario Formation of California, which despite the “four rows of large spines with 
blade-like terminations on a smooth surface” does resemble Trachyleberis acuminata 
Holden, 1964 “in every respect except in ornamentation” (Holden, 1964), including a V-
shaped frontal scar. Holden (1964) notes that Trachyleberis acuminata Holden, 1964 
resembles the Japanese type species, Trachyleberis scabrocuneata (Brady, 1880), in 
“shape, ornamentation, and dimorphic characteristics.” Consequently, all four of these 
species belong to the Trachyleberis scabrocuneata species group. 
 
During periods of global warming, southernmost Africa has come under the influence of 
a warm Agulhas Current flowing southwards down the east coast of Africa and around 
the southernmost tip of Africa into the southeast Atlantic Ocean and, during periods of 
global cooling, this warm current is deflected by a cold Benguela Current flowing 
northwards along the west coast of Africa (Dingle et al., 2001). The mix of Tethyan and 
Austral elements described above is a consequence of the proximity of the southernmost 
tip of Africa to the Subtropical/Subantarctic Convergence Zone. 
 
Dingle (1996) notes that a Trachyleberis species was recovered by McMillan (1990) 
from the Santonian and Campanian deep water fan sediments of the KUDU-9A2 
borehole near the mouth of the Orange River, southwest Africa, but it is impossible to 
determine whether this species belongs to the genus Glencoeleberis or the Trachyleberis 
scabrocuneata species group since there are no illustrations. However, on the opposite 
side of the South Atlantic Ocean, Trachyleberis princeps Bertels, 1974, which Bertels 
(1974) considered a possible relation of the African species Trachyleberis teiskotensis 
(Apostolescu, 1961), occurs in the Late (?) Campanian to Early Maastrichtian of 
Argentina (Bertels, 1974; Rossi de García & Proserpio, 1980), and Trachyleberis 
noviprinceps Bertels, 1975, occurs in the middle Maastrichtian of Argentina (Bertels, 
1975). These species, that have an anterior sulcus that extends from the dorsal margin, 
behind the eye tubercle, around to the flattened ventral margin, belong to the 
Trachyleberis scabrocuneata species group. Bertels (1974, 1975) has noted that in the 
Early Maastrichtian, although there was some evidence for an affinity with West African 
ostracod faunas, it was not until the middle Maastrichtian that this became marked. 
Reyment (1980) has suggested that exposed elements of the Rio Grande Rise and 
Walvis Ridge may have acted as a dispersal route during times of low sea level, 
although this geographical barrier was breached near the Early-Late Maastrichtian 
boundary, and as a consequence, well-oxygenated intermediate and deep water started 
flowing between the northern and southern parts of the South Atlantic Ocean (Frank & 
Arthur, 1999). 
 
El-Nady (2002) draws attention to the occurrence of Brachycythere sapucariensis 
Krömmelbein, 1964 during the Early Cenomanian to Santonian of northeastern Brazil, 
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Early Cenomanian to Early Coniacian of Gabon, Early Turonian of Nigeria, Late 
Turonian to Early Coniacian of Algeria, Tunisia, Egypt, Israel and Oman, and Late 
Turonian of Tanzania, and Piovesan et al. (2009) describe two other species of 
Soudanella from the Santonian to Maastrichtian of northeastern Brazil that also occur in 
the Turonian to Coniacian of West Africa, which along with a few other species, 
including Protobuntonia numidica Grékoff, 1954, indicates the close proximity that 
these two regions once shared. 
 
Piovesan et al. (2009) also note that the Maastrichtian northeastern Brazilian ostracod 
fauna had links with the Caribbean, California and the Gulf of Mexico coastal plains. 
During the Senonian, southern California was “on the outskirts of the tropical Brazilian-
Caribbean-Gulf Coast Province” (Koutsoukos & De Klasz, 2000). In the Campanian, 
Caus et al. (2002) indicated that Mexico “belonged to the clearly individualized Upper 
Cretaceous Northern American bioprovince (US Gulf Coastal Plain and Canadian 
Atlantic Shelf)” and the Caribbean realm, and differed strongly from that of northwest 
Europe, on the other side of the North Atlantic. 
 
In west-central Argentina the “faunal break at the Cretaceous-Tertiary boundary is 
abrupt, and the change in the foraminiferal and ostracode faunas is complete” (Bertels, 
1973). During the Late Maastrichtian to early Paleocene, this marine embayment of the 
South Atlantic Ocean was intermittent and periodically inundated with volcanic detritus 
from an active volcanic arc to the west (Keller et al., 2007). Whilst the “Maastrichtian 
mollusk faunas show affinities with the Weddellian Province”, near the Cretaceous-
Tertiary boundary, due to the greenhouse warming event associated with the Deccan 
continental basalts of India, the cool-water “weddellian forms were replaced by warm-
waters taxa from northern Brazil, the Caribbean and northern Africa” Aguirre-Uretta et 
al. (2008), and warm-water echinoids and decapods also migrated into the region 
(Feldmann et al., 1995; Parma & Casadío, 2005). 
 
True oceanic conditions developed in the northern South Atlantic Ocean in the 
Santonian (Reyment, 1980). Based on Senonian benthonic foraminifera, Koutsoukos and 
De Klasz (2000) described “two distinct foraminiferal provinces at the same latitude on 
both sides of the northern South Atlantic” which “suggests the presence of an ecological 
barrier (of probable hydrographic nature) to foraminiferal exchange (e.g., a kind of 
‘Proto-Benguela’ cold current flowing northwards along the west coast of southern 
Africa, bringing nutrient-rich deep-water masses).” They also note that the surface 
oceanic currents were “similar to present ones”, which places the Neuquén Basin and the 
southernmost tip of Africa near the Subtropical/Subantarctic Convergence Zone. As a 
consequence, during periods of global cooling, such as the Late Campanian to 
Maastrichtian (Barrera & Savin, 1999; Li & Keller, 1999; Keller, 2008), cool-water 
species predominate and during brief intervening periods of global warming, such as the 
late Early Maastrichtian (Li & Keller, 1999), earliest Late Maastrichtian (Thibault & 
Gardin, 2007) and latest Maastrichtian (Barrera & Savin, 1999; Li & Keller, 1999; 
Thibault & Gardin, 2007; Keller, 2008), warm-water species predominate. In the 
transitional realm occupied by the Exmouth Plateau, the latest Campanian to 
Maastrichtian planktonic foraminiferal fauna also has fluctuating Austral and Tethyan 
influences (Zepeda, 1998). 
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Neufville (1979) has observed that during the Paleocene the Argentinean ostracod 
faunas differed substantially from those of northeastern Brazil and the Caribbean. This 
can be attributed to a renewed Austral influence in Argentina. Although the Argentinean 
and African ostracod faunas show similarities, probably due to a common ancestry 
(Bertels, 1973), the only South American link to the African southern margin of Tethys 
at the start of the Tertiary occurs in the Paleocene of northeastern Brazil, in the form of a 
subspecies that resembles Soudanella laciniosa triangulata Apostolescu, 1961 (Morsi & 
Scheibner, 2009), which occurs in the Maastrichtian to middle Eocene of Egypt, early 
Paleocene to early Eocene of Senegal, late Paleocene to early Eocene of Algeria, Tunisia 
and Jordan, late Paleocene of Nigeria and Libya, and early Eocene of Israel (Ismail, 
1992; Sarr, 1999; Honigstein et al., 2002; Shahin, 2005; Shahin et al., 2008; Morsi & 
Scheibner, 2009). 
 
The Austral elements of the lower Paleocene Roca Formation of the Neuquén Basin 
include Cytherelloidea spirocostata Bertels, 1973, Munseyella laurea Bertels, 1973, 
“Trachyleberis” huantraicoensis Bertels, 1969 and several Glencoeleberis species. 
Actinocythereis indigena Bertels, 1969, Actinocythereis biposterospinata Bertels, 1973 
and Actinocythereis rex Bertels, 1973 have J-shaped frontal scars and an anterior 
marginal row of tubercles that “continues ventrally and gives rise to the ventral 
longitudinal row of nodes” (Bertels, 1973), and consequently belong to the genus 
Glencoeleberis. Trachyleberis weiperti Bertels, 1969 resembles Glencoeleberis 
raynerae (Neale, 1975), from the shallow marine Santonian Gingin Chalk of the Perth 
Basin (Neale, 1975), and Glencoeleberis paucispinosa (McKenzie et al., 1993), from the 
middle (?) to late Eocene of Victoria, South Australia and New Zealand (McKenzie et 
al., 1993; Majoran, 1996a, b; Ayress, 1995). The Actinocythereis sp. of Echevarría 
(1991, 1998) from the Oligocene of Argentina also resembles Glencoeleberis 
paucispinosa (McKenzie et al., 1993). Consequently, Trachyleberis weiperti Bertels, 
1969 and the Actinocythereis sp. of Echevarría (1991, 1998) belong to the genus 
Glencoeleberis. 
 
By the Coniacian, the Turonian emergence of major parts of the Arabian shield and the 
gradual disappearance of the Trans-Saharan Seaway split the South Tethyan ostracod 
province of northern Africa into three provinces: the West-Central African province, the 
Protobuntonia numidica ostracod province of northern Africa and the western Middle 
East, and the Kaesleria ostracod province of eastern Arabia, South Iran and Somalia 
(Gebhardt, 1999; Luger, 2003; Itterbeeck et al., 2007). During the Late Campanian to 
early Eocene the Protobuntonia numidica ostracod province was once again connected 
to the West-Central African province by the Trans-Saharan Seaway (Reyment & 
Reyment, 1980; Elewa, 2002; Luger, 2003; Shahin, 2005; Itterbeeck et al., 2007; Shahin 
et al., 2008; Morsi et al., 2008; Morsi & Scheibner, 2009; Morsi et al., 2011). The rapid 
northward drift of India and the Seychelles away from Madagascar and Africa during 
the Coniacian and Santonian “may have caused changes in the paleo-oceanographical 
currents, which influenced the distribution of the ostracod faunas” as there is almost “no 
faunal exchange between the western Protobuntonia numidica ostracod province and the 
Kaesleria ostracod province from the Coniacian until the Early Paleocene” (Luger, 
2003). Re-establishment of a connection between these two provinces during the 
Paleocene to middle Eocene is supported by the similarity between Species A of 
Itterbeeck et al. (2007), from the Paleocene of Tunisia, Trachyleberis? sp. of Boukhary 
et al. (1993), from the middle Eocene of Egypt, and Trachyleberis spinellosa 
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(Lyubimova & Guha, 1960), from the Eocene of northwest India and early Miocene of 
South India (Khosla, 1972), as well as a few species that occur in the western Middle 
East and Somalia in the middle Eocene (Shahin et al., 2008). Other species that belong 
to the Trachyleberis scabrocuneata species group and occur in this region are 
Trachyleberis modesta (Apostolescu, 1961) and Trachyleberis teiskotensis 
(Apostolescu, 1961) from the Late Maastrichtian to middle Eocene of Egypt, early to 
late Paleocene of Libya and Nigeria, late Paleocene of Mali, Dahomey-Togo and the 
Ivory Coast, and the Paleocene of Senegal, Benin and Cameroon (Foster et al., 1983; 
Bassiouni & Luger, 1990; Keen et al., 1994; Shahin, 2000; El-Nady et al., 2008), 
Trachyleberis gagaensis Bassiouni & Luger, 1990, from the middle Paleocene of Egypt 
and the late Paleocene of Nigeria (Bassiouni & Luger, 1990), the Trachyleberis? sp. of 
Cronin and Khalifa (1979), from the middle Eocene of Egypt, and subspecies of 
Trachyleberis nodosus Bassiouni, 1969, from the middle to late Eocene of Egypt, 
middle Eocene of Somalia and late Eocene of Libya and Oman (Cronin & Khalifa, 
1979; Guernet et al., 1991; Keen et al., 1994; Shahin, 2000; Shahin et al., 2008). There 
was no faunal exchange between the northern and southern margins of Tethys, which 
had differentiated in the Aptian (Morsi, 2006), due to a deep oceanic barrier (Keen et al., 
1994; Shahin, 2005; Morsi et al., 2011) and “only in the Neogene do we see a distinctive 
fauna common to the two sides of the Mediterranean Basin” (Keen et al., 1994). 
However, in the middle Eocene, Grinioneis paijenborchianus (Keij, 1957), which had 
originally been assigned to the genus Hermanites, and several other species, appeared in 
the western Middle East and Europe (Spain, France, England, Belgium and Hungary) 
(Shahin, 2005; Shahin et al., 2008). 
 
In the Campanian, the Trachyleberis scabrocuneata species group occurs in South 
Africa, west-central Argentina and California. By the Late Maastrichtian it occurs in 
Egypt. An Egyptian-South African-Australian generic link was observed by Bassiouni 
and Luger (1990) based on the occurrence of Apateloschizocythere fimbriata Bassiouni 
& Luger, 1990 and Oertliella khargensis Bassiouni & Luger, 1990, and El-Nady (2002) 
recorded an even earlier South African-Egyptian link, based on the co-occurrence of 
Brachycythere longicaudata (Chapman, 1904) in the Coniacian to Early Campanian and 
Gibberleberis africanus Dingle, 1969 in the Coniacian to Santonian. 
 
In the Paleocene and Eocene the Trachyleberis scabrocuneata species group inhabited 
the south Tethys margin and west-central Africa with occurrences in Senegal, Tunisia, 
Libya, Egypt, Mali, Nigeria, Dahomey-Togo, the Ivory Coast, Benin, Cameroon, 
Somalia, Oman and northwest India, and by the Miocene it had spread to the Indo-
Pacific Ocean with occurrences in southern India and Japan. Whilst Trachyleberis? 
funatsuensis Yamaguchi, 2006 does occur in the middle to late Eocene ostracod fauna of 
the East China Sea, which was part of the Indo-Pacific Tethyan region (Yamaguchi, 
2006), the Trachyleberis scabrocuneata species group does not occur in the middle 
Eocene of northeast India, despite this region also being generically similar to that of 
western India and Pakistan (Neale & Singh, 1985). 
 
Hazel and Kamiya (1993) noted a similar distributional history for the genus 
Schizoptocythere on the southern margin of Tethys. This genus is first recorded in the 
Campanian of the coastal plains of the United States and subsequently appears in the 
Maastrichtian of Cuba and Jamaica, the Paleocene of West Africa and the Paleocene and 
Eocene of Saudi Arabia, Pakistan and India (Hazel & Kamiya, 1993). 
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The Maastrichtian ostracod fauna of Madagascar described by Babinot et al. (1996) does 
not have any Trachyleberis species, despite having a strong affinity with southeast 
Africa. It also has links with South India (Babinot et al., 1996) and, due to the presence 
of a new Kaesleria species, the Kaesleria ostracod province. During the latest 
Cretaceous and earliest Paleocene, and the main phase of the Deccan Traps eruptions in 
India, ties between India and Madagascar were severed when the Seychelles broke away 
from India (Ali & Aitchison, 2008). As a consequence, in the Paleocene, Madagascar is 
part of the Haughtonileberis province of East Africa, with one species providing a link 
to Saudi Arabia and none to India (Guernet et al., 2001). India was now part of the 
southern Tethys margin and shared numerous species with West Pakistan and Saudi 
Arabia (Sugumaran et al., 1997; Bhandari, 2008). 
 
Fossil mammal evidence indicates that Greater India and northeastern Africa were 
possibly connected during the latest Cretaceous and earliest Paleocene (Prasad et al., 
2010), at a time when the oceanic crust of the Indian Plate to the northeast was colliding 
with the Laurasian Plate (Jianguo et al., 2008; Mathur et al., 2008). Ali and Aitchison 
(2008) note that the first India-Asia terrestrial faunal exchanges occurred in the late 
Paleocene near the northeast corner of India, and this is supported by evidence of a 
temporary uplift event during the late Paleocene in this region (Jianguo et al., 2008). 
Subsequently, during the mid-late Eocene, the shallow marine sea between northeastern 
India and Tibet was expelled, as the two continents collided and the mountainous terrain 
of the Himalayas developed (Jianguo et al., 2008; Mathur et al., 2008). This may have 
caused further changes in palaeo-oceanographical currents. Fast spreading between 
Australia and East Antarctica also commenced in the middle Eocene (Exon et al., 2004). 
During the late middle Eocene, the warm but weak Leeuwin Current began to flow 
southwards down the western coast of Australia and into the area between Australia and 
Antarctica (Lawver & Gahagan, 2003), and warmer, dense Tethyan water entered the 
depths of the southern Cape Argentine Basin, south of the Rio Grande Rise (Benson & 
Peypouquet, 1983), displacing northward moving Antarctic bottom waters. Also, during 
the late Eocene an Indo-Pacific influence is detected in East Africa. 
 
Actinocythereis duplex (Ahmad et al., 1991) and the Actinocythereis sp. of Jellinek 
(1993), from Recent sediments of the Kenyan Barrier Reef, have a similar lateral outline 
and distribution of spines to Glencoeleberis armata Jellinek & Swanson, 2003, and as a 
consequence they belong to the genus Glencoeleberis. Glencoeleberis duplex (Ahmad et 
al., 1991) also occurs in the early Miocene of Tanzania and Ahmad et al. (1991) noted 
that ornamentally it is similar to Glencoeleberis pennyi (Neale, 1975). Jellinek (1993) 
notes “that the majority of the Kenyan ostracod species originated from the Indomalayan 
region and reached East Africa via intervening coastal environments during the Tertiary 
and Quaternary.” Ahmad et al. (1991) noted that the Tanzanian late Eocene to early 
Miocene was part of a West Indian Ocean Province stretching along the east coast of 
Africa from Pakistan to South Africa, with a close link to Madagascar. They also noted 
weak links to the Caribbean, the Mediterranean, Indonesia and the Midway Islands, at 
the northwest end of the Hawaiian Islands chain and just east of the southern end of the 
Emperor Seamounts chain. The late Eocene Tanzanian presence of the Cytherelloidea 
sp. B of Ahmad et al. (1991), early Miocene Tanzanian presence of Glencoeleberis 
duplex (Ahmad et al., 1991), early Miocene Tanzanian and southwest African presence 
of Paijenborchella (Paijenborchella) cf. iocosa Kingma, 1948 (Ahmad et al., 1991; 
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Dingle et al., 2001), and the Recent Kenyan presence of the Genus A sp. A of Jellinek 
(1993) provide additional evidence of an Indo-Pacific influence. “No links, however, 
have been found with the West African, South American or Atlantic ostracod faunas” 
(Ahmad et al., 1991). 
 
Actinocythereis tumefaciens (Lyubimova & Guha, 1960), from the Eocene to Miocene 
of northwest and south India (Khosla, 1978), resembles Glencoeleberis scutigera 
(Brady, 1868) from Recent shallow marine sediments, from the Persian Gulf to the Indo-
Pacific Ocean (Mostafawi, 2003) including the South China Sea and northern Australia 
(Warne et al., 2006), and as a consequence belongs to the genus Glencoeleberis. It also 
indicates an Indo-Pacific influence. Guha (1977) had previously noted that Indo-Pacific 
ostracod species first appeared in northwest India in the Miocene. 
 
The appearance of “Trachyleberis” sp. 3633 in the lower and middle Miocene 
continental shelf sediments near the mouth of the Orange River, southwest Africa 
(Dingle et al., 2001), which closely resembles “Trachyleberis” floridus Warne & 
Whatley, 1996, from the lower to middle Miocene Fyansford Formation and middle 
Miocene Muddy Creek Marl of Victoria (Warne, 1989; Neil, 1994; Warne & Whatley, 
1996), may indicate an Indo-Pacific influence. At the end of the Oligocene a new 
equatorial circulation pattern was initiated (Ayress, 1994) when the India-Australia Plate 
collided with the Philippine-Caroline Arc (Hill & Hall, 2003). In the early Miocene, 
Victoria and southern Africa experienced sub-tropical conditions (Warne, 1989; Neil, 
1994; Warne & Whatley, 1996, Dingle et al., 2001), whilst those in East Africa were 
tropical (Ahmad et al., 1991). The southwest African ostracod fauna has strong affinities 
with those of southeast and East Africa but not with West Africa, which is attributed to 
the influence of a warm Agulhas Current flowing southwards down the east coast of 
Africa and around the southernmost tip of Africa into the southeast Atlantic Ocean and, 
further north, a cold Benguela Current flowing northwards along the west coast of 
Africa creating a “zone of upwelling on the continental margin adjacent to the Walvis 
Ridge” (Dingle et al., 2001). 
 
Lawver and Gahagan (2003) state that when the India-Australia Plate collided with the 
Philippine-Caroline Arc, warm water “currents were shifted to flowing southward along 
the eastern margin of Australia and northward along the eastern margin of Asia” and 
ultimately “led to the late Middle Miocene expansion of the East Antarctic ice-sheet” 
and a stronger Antarctic Circumpolar Current. Production of the North Atlantic Deep 
Water was also initiated during the middle Miocene (Majoran & Dingle, 2001a). 
 
The genus Glencoeleberis appears to have originated in the shallow marine sediments of 
the Carnarvon Basin, including the Exmouth Plateau, in the Coniacian. It subsequently 
appears in the Santonian of the Perth Basin, the Campanian of the Wombat Plateau, 
Zululand and possibly James Ross Island of Antarctica, the Maastrichtian of the Agulhas 
Bank, Maud Rise, southeastern Brazil and New Zealand, the early Paleocene of west-
central Argentina, the late Paleocene of Victoria, the early Eocene of the Ninetyeast 
Ridge, the middle Eocene of the Rio Grande Rise, the late Eocene of South Australia 
and the Challenger Plateau, the Eocene of India, possibly the Eocene of Seymour Island, 
Antarctica, the early Miocene of Tanzania and in the Recent sediments of the Southern 
Ocean, on the Campbell Plateau, and the Pacific and Indian Oceans, from New 
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Caledonia and the Philippines in the east to the Persian Gulf and the Kenyan Barrier 
Reef in the west. 
 
It appears that the Trachyleberis scabrocuneata species group has a Tethyan 
distribution, whilst that of Glencoeleberis is Austral, which explains why the 
Trachyleberis scabrocuneata species group does not occur in the Australia-New Zealand 
region or Antarctica. The Trachyleberis scabrocuneata species group does, however, 
occur in the earliest Campanian of South Africa, and the Late Campanian (?) to Early 
Maastrichtian and middle Maastrichtian of Argentina, since these localities had links to 
the southern margins of Tethys via continuous continental shelves and during periods of 
global warming were influenced by warm Tethyan waters. 
 
In the Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin there are 
two new species of the genus Glencoeleberis, which are described below. 
 
Glencoeleberis jellineki sp. nov. 
(Plate 31, Figs. 3-9) 
 
Derivation of name: In honour of Dr. Thomas Jellinek who erected the genus 
Glencoeleberis with Dr. Kerry Swanson. 
 
Diagnosis: Elongate, subtriangular, trachyleberid carapace with spinose anterior and 
posterior marginal rims, an eye tubercle, nodose subcentral tubercle, longitudinal row of 
spines obscuring the dorsal margin, nodose ventrolateral ridge, and smooth lateral 
surface with several small nodes, some of which form a small cluster in the 
anteroventral region and others which are aligned behind the subcentral tubercle. 
 
Holotype: An adult left valve (MG9601) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 6 (Depth: 25-30cm. Age: Late Maastrichtian). 
  
Paratypes: An adult right valve (MG9604) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
      An adult left valve (MG9603) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 4 (Depth: 15-20cm. Age: Late Maastrichtian). 
     An adult left valve (MG9602) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 13 (Depth: 60-55cm. Age: Late Maastrichtian). 
 
Topotypes: A penultimate instar right valve (MG9605) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 2 (Depth: 5-10cm. Age: Late Maastrichtian). 
      A penultimate instar left valve (MG9606) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
 
Other material: One adult left valve, three adult left valve fragments, one juvenile 
carapace, six juvenile right valves, eight juvenile left valves, 28 fragments of juvenile 
right valves and 40 fragments of juvenile left valves from the KG-1 outcrop. A 
penultimate instar left valve and an anterior fragment of a juvenile left valve from the 
UWA Cardabia stratigraphic hole and a penultimate instar left valve and juvenile right 
valve from the Exac-10 borehole. 
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Dimensions   Length (mm) Height (mm) 
Paratype, adult left valve MG9602 Plate 31, Fig. 3 1.12 0.53 
Holotype, adult left valve MG9601 Plate 31, Figs. 4 & 7 1.29 0.54 
Paratype, adult left valve MG9603 Plate 31, Fig. 5 1.18 0.53 
Paratype, adult right valve MG9604 Plate 31, Fig. 6 1.20 0.49 
Topotype, penultimate instar 
 right valve 
MG9605 Plate 31, Fig. 8 0.90 0.44 
Topotype, penultimate instar left 
valve 
MG9606 Plate 31, Fig. 9 0.87 0.44 
 
Description: Elongate, subtriangular lateral outline with a broadly rounded anterior 
margin bearing a double row of spines on a marginal rim, a straight dorsal margin 
obscured by a longitudinal row of spines, and a ventral margin with a slight concavity 
just behind the anterior margin. A row of nodes extends from the anterior margin up 
onto a ventrolateral ridge. The subcentral tubercle and eye tubercle are well developed. 
A depression behind the anterior marginal rim pinches out at the eye tubercle and swings 
upwards ventrally on to the lateral surface above the ventrolateral ridge. In the 
anteroventral region there is a cluster of four nodes and behind the nodose subcentral 
tubercle there are a few nodes, some of which are aligned medially. Between the 
ventrolateral ridge and ventral margin the surface has a few striations that bear small 
spines posteriorly. The lateral surface between the nodes is smooth. The posterior region 
is triangular and compressed, with a marginal rim and spines. 
 
The line of greatest length passes just below mid-height and the line of greatest height 
occurs at the anterior cardinal angle. The greatest width is associated with the 
ventrolateral ridge. 
 
In the juveniles illustrated only four nodes adorn the smooth lateral surface between the 
spinose lateral ridge obscuring the dorsal margin and the nodose ventrolateral ridge. The 
two larger nodes represent the subcentral tubercle and the anteroventral tubercle, and 
behind the subcentral tubercle there are two smaller nodes. As the ostracod matures it 
becomes more spinose and the tubercles become increasingly nodose. There is also 
evidence of sexual dimorphism with the males more elongate than the females. 
 
Internally, there is a strong holamphidont hinge and a fused marginal zone. The cluster 
of nodes in the anteroventral region and the subcentral tubercle form internal 
depressions. However, the central muscle scar pattern, which would be associated with 
the subcentral tubercle, was not visible. 
 
Remarks: The author also retrieved a penultimate instar right valve and an anterior 
fragment of a right valve from the Lower Maastrichtian Korojon Calcarenite of the 
UWA Cardabia stratigraphic hole. 
 
Glencoeleberis jellineki resembles the topotype of Glencoeleberis thomsoni 
(Hornibrook, 1952) illustrated by Ayress (2006) in Plate 6, Figure G, from the late 
Paleocene/early Eocene to Recent of New Zealand (Hornibrook, 1952; Swanson, 1969; 
Ayress, 1993b, 2003, 2006), latest Paleocene/earliest Eocene to early Eocene of Victoria 
(Eglington, 2006) and late Eocene of South Australia Majoran (1996a, b), except that in 
the latter more spines have developed on the lateral surface. 
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Glencoeleberis jellineki resembles Glencoeleberis anteplana (Bate, 1972), from the 
shallow marine Campanian Toolonga Calcilutite and Korojon Calcarenite of the 
Southern Carnarvon Basin (Bate, 1972) and the Upper Coniacian and Campanian shelf 
edge deposits of the Northern Carnarvon Basin (Damotte, 1992), except that 
Glencoeleberis jellineki has a well-developed anterior marginal rim. It also resembles 
two species described by Neale (1975) from the shallow marine Santonian Gingin Chalk 
of the Perth Basin: Glencoeleberis raynerae (Neale, 1975), which has polyfurcate 
spines, and Glencoeleberis pennyi (Neale, 1975), which has plate-like spines. 
 
Glencoeleberis jellineki resembles Glencoeleberis orientalis rete (Guernet, 1993), from 
the early Paleocene to late Oligocene of ODP 762 and the middle Eocene to early 
Miocene of ODP 763 on the Exmouth Plateau (Guernet & Galbrun, 1992; Guernet, 
1993), and Trachyleberis sp. 2, which is assigned here to the genus Glencoeleberis, from 
the Eocene-Oligocene boundary of DSDP 214 on the Ninetyeast Ridge (Guernet, 1985), 
and the middle Eocene to Pleistocene of ODP 762 and the late Eocene to late Pliocene of 
ODP 763 on the Exmouth Plateau (Guernet & Galbrun, 1992; Guernet, 1993). However, 
these latter two species have interspine reticulation. 
 
Glencoeleberis jellineki resembles the Actinocythereis? sp. A of Neil (1994), which is 
assigned here to the genus Glencoeleberis, from the middle Miocene Muddy Creek Marl 
of Clifton Bank and Hentys, Victoria, except that the latter has stout, terminally furcated 
spines. Glencoeleberis paucispinosa (McKenzie et al., 1993) from the middle (?) to 
upper Eocene Browns Creek Clays at Browns Creek and Castle Cove, Victoria 
(McKenzie et al., 1993), upper Eocene Blanche Point Formation (Gull Rock Member 
only) of the Willunga Embayment, South Australia Majoran (1996a, b) and upper 
Eocene Ashley Mudstone Formation of the South Island of New Zealand (Ayress, 1995) 
also has stout, terminally furcated spines but these are more sparsely distributed on the 
lateral surface, like the spines of juvenile Glencoeleberis jellineki. 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Glencoeleberis sp. 
(Plate 32, Figs. 1-4) 
  
Material: A penultimate instar left valve, a penultimate instar right valve, two juvenile 
right valves and twenty-one fragments (adult and juvenile) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Penultimate instar left valve Plate 32, Fig. 1 0.90 0.46 
Penultimate instar right valve Plate 32, Fig. 2 0.89 0.44 
Juvenile right valve Plate 32, Fig. 3 0.82 0.28 
Juvenile right valve Plate 32, Fig. 4 0.63 0.32 
 
Short description and remarks: Elongate, subtriangular trachyleberid with a broadly 
rounded anterior margin bearing a double row of spines, a straight dorsal margin 
obscured by a longitudinal row of polyfurcate spines, and a ventral margin with a slight 
concavity just behind the anterior margin. A row of spines extends from the anterior 
margin up onto a faint ventrolateral ridge. The subcentral tubercle and eye tubercle are 
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well developed. A depression behind the anterior marginal rim pinches out at the eye 
tubercle and swings upwards ventrally on to the lateral surface above the ventrolateral 
ridge. In the anteroventral region there is a small cluster of spines and behind the spinose 
subcentral tubercle there are a few spines, some of which are almost aligned medially. 
The lateral surface between the spines has delicate primary and secondary reticulation, 
with the primary reticulation stronger in the earlier instars. The posterior region is 
triangular and compressed, with marginal spines. Internally, the cluster of spines in the 
anteroventral region and the subcentral tubercle form internal depressions. The hinge is 
holamphidont with a snap-knob present in the right valve. 
 
Glencoeleberis sp. resembles Glencoeleberis jellineki except that the first has interspine 
reticulation, and the thick anterior marginal rim and ventrolateral ridge of the latter is 
represented, in the first, by an ornament of small spines that extends from the anterior 
marginal rim up onto the ventrolateral surface of the valve. 
 
The reticulate variation of Glencoeleberis careyi (McKenzie et al., 1991) illustrated by 
Eglington (2006) in Figure 4N, from the upper Paleocene to lower Eocene Dilwyn 
Formation of the Otway Basin, Victoria, very closely resembles Glencoeleberis sp., 
except that the reticulation is not as delicate as that of Glencoeleberis sp.. The spinose 
variation of Glencoeleberis careyi (McKenzie et al., 1991) in Neil (1997), from the 
upper Paleocene Pebble Point Formation of the Otway Basin, Victoria, has very faint 
interspine reticulation and more numerous, polyfurcate spines. 
 
Glencoeleberis sp. resembles the Trachyleberis sp. of Guernet (1993), from the late 
Oligocene of ODP 762B on the Exmouth Plateau, which is assigned here to the genus 
Glencoeleberis. The latter, however, only has coarse reticulation behind the subcentral 
tubercle and in the anteroventral region. 
 
Glencoeleberis sp. resembles two other species that are assigned here to the genus 
Glencoeleberis. These are the Acanthocythereis sp. A of Warne (1989), from the latest 
Miocene of Victoria, which has a coarser reticulation, and the Actinocythereis sp. of 
Ayress (1993a), from the middle Eocene Hampden Formation of the South Island of 
New Zealand, which is strongly spinose. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus ANEBOCYTHEREIS Bate, 1972 
 
Type species: Anebocythereis amoena Bate, 1972, p.53, Plate 13, Figs. 1-2 & 5;  
Plate 14, Figs. 1-3; Plate 15, Figs. 1-3, 5 & 6 
 
Anebocythereis amoena Bate, 1972 
(Plate 32, Fig. 5) 
 
1972 Anebocythereis amoena Bate, p. 53, Plate 13, Figs. 1-2 & 5;  
Plate 14, Figs. 1-3; Plate 15, Figs. 1-3, 5 & 6 
1991 Anebocythereis amoena Bate, 1972; Neale in Haig, Plate 6, Fig. 16 
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Material: A damaged juvenile left valve from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Damaged juvenile left valve Plate 32, Fig. 5  0.28 
 
Short description and remarks: This reticulate species has short stubby spines at the 
nexus of the reticulation, a distinct eye node below the anterior cardinal angle, a broad, 
high, dentate anterior margin, a straight dorsal margin and a shallow median sulcus 
behind an indistinct subcentral tubercle. In the adults the hexagonal pits have “short, 
triangular, radial spikes extending into them” from the reticulae (Bate, 1972).  This 
Austral species was originally described from the Campanian Toolonga Calcilutite and 
Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 1972), and the author has 
also retrieved two juvenile left valves in the Upper Campanian Upper Cretaceous 
Carbonates of Eendracht-1 from the Northern Carnarvon Basin. 
 
Bate (1972) observed that Anebocythereis amoena Bate, 1972 “closely resembles 
Cythereis hostizea Hornibrook, 1952.” Ayress (1993b) subsequently assigned the latter 
species to the genus Anebocythereis. Anebocythereis hostizea (Hornibrook, 1952) occurs 
in the early Eocene of DSDP 245 in the Madagascar Basin (Guernet, 1985, recorded as 
Wichmannella? cf. reticulata Guernet, 1985), the early to late Eocene of DSDP 214 on 
the Ninetyeast Ridge in the northeast Indian Ocean (Guernet, 1985, recorded as 
Wichmannella? reticulata Guernet, 1985), the middle Eocene to Pleistocene of the 
Exmouth Plateau (Guernet, 1993), the middle (?) to late Eocene of Victoria (McKenzie 
et al., 1993, recorded as Rugocythereis multiflora), the late Eocene to late Oligocene of 
the South Island of New Zealand (Hornibrook, 1952; Ayress, 1993b; Ayress, 1995), the 
late Eocene to middle Miocene of the Kerguelen Plateau in the southern Indian Ocean 
(Bergue & Govindan, 2010) and the early Oligocene of the Challenger Plateau (Ayress, 
1994). The Indeterminate Genus A sp. of Ayress (1994), from the middle to late 
Oligocene of the Challenger Plateau, has a pustulose reticulate ornament and an eye 
tubercle, and also belongs to this genus. 
 
Bergue and Govindan (2010) consider the genus Marwickcythereis Whatley & Millson, 
1992 to be synonymous with Anebocythereis Bate, 1972, but the lateral outline of the 
first is subovate to subrectangular whilst that of the second is subtriangular due to the 
straight dorsal margin sloping towards the posterior. The genus Marwickcythereis is 
endemic to New Zealand and the surrounding plateaus, with occurrences in the middle 
Paleocene to early Oligocene of the Lord Howe Rise, the Challenger Plateau, New 
Zealand and the Campbell Plateau (Whatley & Millson, 1992; Ayress, 1994). 
 
Rossi de García and Proserpio (1980) describe three species of Anebocythereis from the 
Late (?) Campanian and Early Maastrichtian of the San Jorge Gulf Basin, located 
between the Neuquén Basin of west-central Argentina and the Austral Basin of southern 
Argentina. However, only Anebocythereis spinosa Rossi de García & Proserpio, 1980, 
which has the strong spines in the posterodorsal and posteroventral region characteristic 
of juveniles, belongs to the genus Anebocythereis. Anebocythereis chubutiana Rossi de 
García & Proserpio, 1980 and Anebocythereis cretacica Rossi de García & Proserpio, 
1980 probably belong, especially the first species, to the Cretaceous Argentinean and 
West African genus Nigeria. 
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Stage and stratigraphic distribution: Campanian Toolonga Calcilutite and Korojon 
Calcarenite, and Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin, 
and Upper Campanian Upper Cretaceous Carbonates of the Northern Carnarvon Basin. 
 
Genus TOOLONGELLA Bate, 1972 
 
Type species: Toolongella mimica Bate, 1972, p. 70, Plate 19, Figs. 5 & 8-10;  
Plate 20, Figs. 1-4; text-figs. 38A-C & 39A-C 
 
Toolongella cf. mimica Bate, 1972 
(Plate 32, Figs. 6-10) 
 
1972 Toolongella mimica Bate, p. 70, Plate 19, Figs. 5 & 8-10;  
Plate 20, Figs. 1-4; text-figs. 38A-C & 39A-C 
1991 Toolongella mimica Bate, 1972; Neale in Haig, Plate 7, Fig. 13 
 
Material: Three carapaces (two juvenile), seven left valves (three juvenile), seven right 
valves (five juvenile) and two anterior fragments of juvenile left valves from the KG-1 
outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult carapace Plate 32, Fig. 6 0.54  
Adult left valve Plate 32, Fig. 7 0.50 0.31 
Adult right valve Plate 32, Fig. 8 0.54 0.32 
Adult left valve Plate 32, Fig. 9 0.55 0.31 
Adult right valve Plate 32, Fig. 10 0.55 0.26 
 
Short description and remarks: Toolongella mimica Bate, 1972 was originally described 
by Bate (1972) from the Campanian Toolonga Calcilutite and Campanian Korojon 
Calcarenite of the Southern Carnarvon Basin, with a tuberculate variant (Bate, 1972, 
Plate 19, Figure 8), representing another species, in the Santonian part of the Toolonga 
Calcilutite along with Toolongella? sp. (Bate, 1972, Plate 19, Figures 6, 7 and 11). 
Toolongella mimica Bate, 1972 has three short, posterolateral ridges and a large 
subcentral tubercle with a vertical swelling in front. Some of Bate’s (1972) specimens 
have an anterior marginal ridge that terminates in a low swelling at the anterior cardinal 
angle, but those from the Miria Formation of the Southern Carnarvon Basin do not. 
However, those from the Miria Formation appear to have a connection between the base 
of the subcentral tubercle and the vertical swelling in front of it, which may or may not 
justify the erection of a new species. 
 
Caudites impostor Hornibrook, 1953, from the early to middle Eocene of New Zealand, 
which is described as tiny and subquadrate, with moderately thick and strong walls, a 
prominent subcentral tubercle, a dorsolateral keel, an arched ventral margin and a 
prominent ridge connecting the anterodorsal and anteroventral angles (Hornibrook, 
1953), resembles the tuberculate variant of Toolongella mimica Bate, 1972, and as a 
consequence it is assigned here to the genus Toolongella. 
 
From the upper Oligocene upper bathyal sediments of ODP 1148 in the South China 
Sea, Zhao (2005) illustrates a species of indeterminate genus and species in Plate 4, 
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Figures 22 and 23 that also resembles the tuberculate variant of Toolongella mimica 
Bate, 1972, and as a consequence it is assigned here to the genus Toolongella. In the 
southwest Pacific Ocean this genus “survives in bathyal palaeodepths to the Pliocene” 
(Whatley, 1983b). 
 
The Pterygocythereis? sp. of Rossi de García and Proserpio (1980), from the Late (?) 
Campanian and Early Maastrichtian of the San Jorge Gulf Basin, which is located 
between the Neuquén Basin of west-central Argentina and the Austral Basin of southern 
Argentina, may also belong to this genus, although it has a more subtriangular, rather 
than subquadrate, lateral outline. 
 
Whilst Bate (1972) suggested a possible phylogenetic link between Toolongella and the 
genus Sergipella Krömmelbein (1967) from the Late Aptian to Albian of Brazil and 
Gabon, he also noted that Toolongella had three quite separate lateral ridges, whereas in 
Sergipella the lowermost lateral ridge turns down posteriorly to fuse with the ventral 
ridge. A more likely ancestor for the genus Toolongella is the Rehacythereis sp. 4 of 
Andreu et al. (2007, Plate 8, Figures 20 and 21) from the Early Albian and Middle 
Cenomanian of northwest India, which Andreu et al. (2007) consider morphologically 
close to Rehacythereis libanensis Bischoff, 1963 from the Aptian to Cenomanian of 
Israel and Lebanon and Rehacythereis buechlerae (Oertli, 1958) from the Aptian to 
Albian of France. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Toolongella batei sp. nov. 
(Plate 33, Figs. 1-3) 
 
Derivation of name: In honour of Dr. Raymond H. Bate who erected the genus 
Toolongella. 
 
Diagnosis: Elongate, subrectangular carapace with three parallel posterolateral ridges, 
distinct subcentral tubercle and broad vertical swelling in front. Reticulate ornament 
between ridges. Dorsal ridge with a pointy triangular termination posteriorly. Swollen 
ventrolateral ridge forming a flat, broad, triangular ventral surface. Anterior and 
posterior marginal denticles. Triangular posterior margin with long, steeply sloping 
posterodorsal margin meeting short, convex posteroventral margin below mid-height. 
 
Holotype: An adult left valve (MG10001) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 23 (Depth: 110-115cm. Age: Late Maastrichtian). 
  
Paratype: An adult left valve (MG10002) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 17 (Depth: 80-85cm. Age: Late Maastrichtian). 
 
Topotype: A penultimate instar right valve (MG10003) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 9 (Depth: 40-45cm. Age: Late Maastrichtian). 
 
Other material: Juvenile right valve, damaged juvenile left valve and damaged juvenile 
carapace from the KG-1 outcrop. 
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Dimensions   Length (mm) Height (mm) 
Holotype, adult left valve MG10001 Plate 33, Fig. 1 0.58 0.32 
Topotype, penultimate instar right valve MG10003 Plate 33, Fig. 2 0.53 0.27 
Paratype, adult left valve MG10002 Plate 33, Fig. 3 0.60 0.31 
 
Description: Elongate, subrectangular lateral outline with three parallel posterolateral 
ridges and a distinct subcentral tubercle. Both valves have a straight dorsal margin but 
the larger left valve has a hinge ear and a broadly concave ventral margin. There is a 
broad vertical swelling in front of the subcentral tubercle. The dorsal ridge rises towards 
the posterior and has a pointy triangular termination. The ventrolateral ridge is swollen 
and forms a flat, broad, triangular ventral surface. The anterior margin is broadly 
rounded and has marginal denticles. The posterior margin is triangular with a long, 
steeply sloping posterodorsal margin and a short, convex posteroventral margin, which 
has marginal denticles. The area between the ridges is reticulate. 
 
The line of greatest length passes below mid-height and the line of greatest height occurs 
at the anterior cardinal angle. The greatest width is associated with the swollen 
ventrolateral ridge. 
 
The hinge is holamphidont and the duplicature moderately wide with no vestibulum. 
The central muscle scar pattern was not visible. 
 
Remarks: Toolongella batei closely resembles Toolongella mimica Bate, 1972, except 
that the first has a straight dorsal ridge, is more elongate and has reticulation between the 
ridges, whereas the latter has a dorsal ridge that undulates, is squatter and only has very 
faint reticulation. The Late Maastrichtian representatives of Toolongella mimica Bate, 
1972 also has a short ridge connecting the subcentral tubercle to the vertical swelling in 
front of the subcentral tubercle, which is absent in Toolongella batei. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Genus PHILONEPTUNUS Whatley, Millson & Ayress, 1992 
 
Type species: Cythereis gravizea Hornibrook, 1952, p. 37, Plate 5, Figs. 68-69 & 76  
 
Philoneptunus aspericava (Bate, 1972) 
(Plate 33, Figs. 4-5) 
 
1972 Karsteneis (Karsteneis) aspericava Bate, p. 61, Plate 9, Figs. 1-4;  
Plate 10, Figs. 1-4; Plate 15, Fig. 4; text-figs. 33A-C & 34A-C 
1991 Karsteneis (Karsteneis) aspericava Bate, 1972; Neale in Haig,  
Plate 6, Fig. 14 
1992 Karsteneis (Karsteneis) aspericava Bate, 1972; Damotte, p. 828,  
Plate 3, Figs. 8-10 
 
Material: A female right valve, a juvenile carapace, a left valve fragment and six right 
valve fragments from Eendracht-1. 
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Dimensions  Length (mm) Height (mm) 
Adult female right valve Plate 33, Fig. 4 0.90 0.50 
Juvenile carapace Plate 33, Fig. 5 0.46 0.26 
 
Short description and remarks: Philoneptunus aspericava (Bate, 1972) has a subcentral 
swelling, prominent ventrolateral and dorsal ridges, dentate anterior and posterior 
margins, an eye tubercle, a holamphidont hinge, a broad duplicature and a coarsely 
pitted ornament, particularly in the centre of the valve and on the ventral surface. 
Although the specimens illustrated here are abraded, in Plate 33, Figure 4 traces of the 
ornament are visible in the centre of the valve, and on the dorsal and ventrolateral ribs 
and the anteroventral margin. The genus Philoneptunus has a very distinctive 
morphology that includes three major ribs and a subcentral tubercle, although the 
median rib and subcentral tubercle are sometimes poorly developed or absent. The 
ornament varies from smooth to punctate to coarsely reticulate, the hinge is 
holamphidont and there may or may not be an eye tubercle. The males are more elongate 
than the females and the juveniles have a more triangular lateral outline with a small 
posteroventral spine. Although Philoneptunus aspericava (Bate, 1972), from the 
Santonian to Campanian Toolonga Calcilutite and Campanian Korojon Calcarenite of 
the Southern Carnarvon Basin, was originally assigned to the Late Cretaceous European 
genus and subgenus Karsteneis Pokorný (Bate, 1972), that subgenus is smooth, has a 
paramphidont hinge, a vestigial or no central node and no longitudinal ridges (Pokorný, 
1963). 
 
The author has also retrieved a left valve, a right valve and four right valve fragments 
from the Upper Campanian to Lower Maastrichtian Upper Cretaceous Carbonates of 
Eendracht-1 on the Northern Carnarvon Basin, and Damotte (1992) also retrieved 
specimens from the Upper Campanian Upper Cretaceous Carbonates of ODP 762C on 
the Exmouth Plateau and Upper Maastrichtian Upper Cretaceous Carbonates of ODP 
764A on the Wombat Plateau. 
 
When Whatley et al. (1992) first established the genus they described nineteen species, 
from the Late Cretaceous to Recent of New Zealand and adjacent offshore areas in the 
southwest Pacific Ocean. Jellinek and Swanson (2003) subsequently described three 
new species from the region, with one synonymised with the Philoneptunus sp. 2 of 
Whatley et al. (1992) and another with the Philoneptunus sp. 3 of Whatley et al. (1992), 
and Mazzini (2005) described another new species from the South Tasman Rise and 
juvenile valves from a water depth of 3658 m on the South Tasman Rise, which 
represents the deepest known occurrence of the genus. The shallowest known 
occurrence is the type species Philoneptunus gravezia (Hornibrook, 1952) at a water 
depth of 131 m from east of North Cape on the North Island of New Zealand (Mazzini, 
2005). Philoneptunus cassidyi Ayress et al., 2004 from the Kerguelen Plateau in the 
southern Indian Ocean, which was also synonymised with the Philoneptunus sp. 3 of 
Whatley et al. (1992), was the “first modern record of the genus Philoneptunus outside 
the Australasian and SW Pacific area” (Ayress et al., 2004). Jellinek and Swanson 
(2003) had synonymised the Philoneptunus sp. 3 of Whatley et al. (1992) with 
Philoneptunus provocator Jellinek & Swanson, 2003 and this species has been identified 
in the Upper Pleistocene to Recent outer shelf and bathyal sediments of the Santos 
Basin, southeastern Brazil (Bergue et al., 2006; Bergue & Coimbra, 2008), whilst 
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Ayress et al. (2004) note that a species similar to Philoneptunus cassidyi Ayress et al., 
2004 occurs in the Miocene of ODP 689B from Maud Rise in the Southern Ocean, 
750km north of East Antarctica (Majoran & Dingle, 2002). The specimen illustrated as 
Phacorhabdotus sp. (juvenile) in Majoran et al. (1997, Figure 4G) from the Late 
Maastrichtian of ODP 689B also belongs to the genus Philoneptunus. As noted 
previously, the Profundobythere? sp., from the upper Lower to Upper Maastrichtian 
bathyal sediments of ODP 1050C and 1052E from Blake Nose, in the low latitude, 
western North Atlantic Ocean (Majoran, 1999, Plate 2, Figure 16), is probably a juvenile 
Philoneptunus provocator Jellinek & Swanson, 2003. 
 
Trachyleberis reticulopustulosa Majoran, 1996, from the upper Eocene Tortachilla 
Limestone and Blanche Point Formation of the Willunga Embayment, South Australia 
Majoran (1996a, Plate 2, Figures 5-9; 1996b, Figure 9O) is described as a “species of 
Trachyleberis with a valve surface covered with pustules and a fine primary 
reticulation” (Majoran, 1996a). However, it is also noted that while the lateral ribs are 
lacking “there are single spines posterodorsally, posteromedially and posteroventrally, 
respectively” and that the “ornamentation of the new species is unusual, and distinct in 
comparison with other Tertiary Australian and New Zealand species referred to the 
genus Trachyleberis or allied genera” (Majoran, 1996a). Also, the female carapace 
illustrated in Plate 6, Figure 13 of McKenzie et al. (1993), from the upper Eocene 
Browns Creek Clays of Castle Cove, Victoria belongs to Trachyleberis 
reticulopustulosa Majoran, 1996, rather than the Werribeeleberis trispinosa McKenzie 
et al., 1993 to which it was assigned. It is proposed here that this species probably 
belongs to the genus Philoneptunus. 
 
Stage and stratigraphic distribution: Santonian to Campanian Toolonga Calcilutite and 
Campanian Korojon Calcarenite of the Southern Carnarvon Basin, and Campanian to 
Maastrichtian Upper Cretaceous Carbonates of the Northern Carnarvon Basin. 
 
Philoneptunus sp. 
(Plate 33, Figs. 6-10 & Plate 34, Fig. 1) 
 
Material: 82 valves (juveniles and adults, some fragments) from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Adult female left valve Plate 33, Fig. 6 0.77 0.47 
Adult female right valve Plate 33, Fig. 7 0.76 0.33 
Adult male left valve Plate 33, Fig. 8 0.81 0.49 
Adult male right valve Plate 33, Fig. 9 0.82 0.41 
Adult female left valve Plate 33, Fig. 10 0.81 0.38 
Juvenile right valve Plate 34, Fig. 1 0.50 0.28 
 
Remarks: This Philoneptunus species resembles Philoneptunus aspericava (Bate, 1972), 
except that its entire lateral surface has a coarsely punctate ornament. In the 
Maastrichtian the smooth Philoneptunus aspericava (Bate, 1972) is restricted to the 
deeper waters of the Northern Carnarvon Basin, whilst this coarsely punctate species is 
restricted to the shallower waters of the Southern Carnarvon Basin. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Genus CLETOCYTHEREIS Swain, 1963 
 
Type species: Cythere rastromarginata Brady, 1880, p. 82, Plate 16, Figs. 2a-d  
(non Figs. 1a-d) 
 
Cletocythereis trifolium sp. nov. 
(Plate 35, Figs. 1-6) 
 
Derivation of name: Latin trifolium – clover. A reference to the clover-like reticulate 
ornamentation of the entire lateral surface of the valve. 
 
Diagnosis: Elongate, subtriangular lateral outline with rimmed, denticulate, broadly 
rounded anterior margin and rimmed, caudate, posteroventrally spinose posterior 
margin. Slight concavity between the thickened dorsal margin and anterior margin of the 
right valve. Small triangular projection above the eye tubercle of the left valve. Alate, 
rimmed, almost straight ventrolateral ridge obscures view of ventral margin in lateral 
view and extends to the anterior marginal rim. Entire lateral surface covered by an 
ornament of clover-shaped reticules, except for a bare subcentral tubercle and a rimmed, 
straight posterodorsal ridge that has a small, terminal spine posteriorly. Larger reticules 
occur just above the rim of the ventrolateral ridge and continue along the anterior margin 
just behind the anterior marginal rim. Right valve with marked flange. Holamphidont 
hinge with an extra tooth on the anterodorsal margin of the left valve. Males more 
elongate and more compressed than females. 
 
Holotype: An adult female right valve (MG10301) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 6 (Depth: 25-30cm. Age: Late Maastrichtian). 
  
Paratypes: An adult female right valve (MG10303) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 6 (Depth: 25-30cm. Age: Late Maastrichtian). 
     An adult male left valve (MG10302) from the Miria Formation of the Giralia 
Anticline KG-1 outcrop, Sample 12 (Depth: 55-60cm. Age: Late Maastrichtian). 
                 An adult female left valve (MG10304) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 18 (Depth: 85-90cm. Age: Late Maastrichtian). 
      Two adult female carapaces (MG10305 and MG10306) from the Miria 
Formation of the Giralia Anticline KG-1 outcrop, Sample 23 (Depth: 110-115cm. Age: 
Late Maastrichtian). 
 
Other material: A male carapace, two female left valves, two damaged male left valves, 
the posterior part of three left valves, the anterior part of two left valves, a damaged 
female right valve, a damaged male right valve, the posterior part of a right valve, the 
anterior part of a right valve, twelve juvenile left valves (four damaged), the anterior part 
of two juvenile left valves, a fragment of a juvenile left valve anterior, four juvenile 
right valves, the anterior parts of four juvenile right valves and the posterior part of a 
juvenile left valve from the KG-1 outcrop. A female carapace from the UWA Cardabia 
stratigraphic hole. A male left valve from the Exac-10 borehole. 
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Dimensions   Length (mm) Height (mm) 
Holotype, adult female right valve MG10301 Plate 35, Fig. 1 0.65 0.33 
Paratype, adult male left valve MG10302 Plate 35, Fig. 2 0.65 0.31 
Paratype, adult female right valve MG10303 Plate 35, Fig. 3 0.63 0.35 
Paratype, adult female left valve MG10304 Plate 35, Fig. 4 0.67 0.37 
Paratype, adult female carapace MG10305 Plate 35, Fig. 5 0.65 0.34 
Paratype, adult female carapace MG10306 Plate 35, Fig. 6 0.67  
 
Description: Elongate, subtriangular lateral outline with rimmed, denticulate, broadly 
rounded anterior margin and posteriorly sloping, almost straight dorsal margin. The 
greatest height occurs at the anterior cardinal angle and the greatest width is associated 
with the ventrolateral ridge. In front of the eye tubercle in the right valve there is a slight 
concavity between the thickened dorsal margin and anterior margin, whereas in the left 
valve a small triangular projection occurs above the eye tubercle. The posterior margin 
is caudate and rimmed, with a concave posterodorsal margin and spinose, convex 
posteroventral margin. The posterior extremity occurs just below mid-height, along the 
line of greatest length. The ventral margin has a gentle medial concavity, which is 
obscured in lateral view by the alate, rimmed ventrolateral ridge. 
 
The reticulate ornament covers the entire lateral surface except for a bare subcentral 
tubercle and a rimmed, straight posterodorsal ridge that has a small, terminal spine 
posteriorly. The reticules have a distinctive three and four leaved clover-like shape. 
Larger reticules occur just above the rim of the ventrolateral ridge and continue along 
the anterior margin just behind the anterior marginal rim. The rim of the ventrolateral 
ridge is almost straight and extends to the anterior marginal rim. 
 
There is evidence of sexual dimorphism with the males more elongate and more 
compressed than the females. 
 
The hinge is holamphidont with an extra tooth on the anterodorsal margin of the left 
valve. The anterior margin, posteroventral margin and ventral margin (except near the 
oral concavity) of the right valve have a marked flange, which covers the selvage of the 
left valve. The central muscle scar pattern was not visible. 
 
Remarks: The author also retrieved a male carapace and a female carapace from the 
Lower Maastrichtian Korojon Calcarenite of the UWA Cardabia stratigraphic hole. 
 
Cletocythereis rastromarginata (Brady, 1880), the type species (Titterton et al., 2001), 
is recorded from the early Eocene to Recent of New Zealand (Hornibrook, 1952; Ayress, 
1993b, 1995, 2006; Swanson, 1969; recorded in the latter as Cletocythereis cf. bradyi), 
the late Oligocene to early Miocene of the west coast of India (Guha, 1977; Khosla, 
1978), the late Miocene to Recent of Kume-Jima and Jeju Island in the East China Sea 
(Schornikov & Zenina, 2008; Tanaka & Nomura, 2009; recorded in both as 
Cletocythereis bradyi), the Pliocene to Recent of Taiwan (Malz, 1980; Hu & Tao, 2008), 
the Pleistocene of Midway Island  and the Recent and sub-Recent? sediments of the 
Hawaiian Islands in the central North Pacific Ocean (Holden, 1967, 1976, recorded as 
Cletocythereis bradyi), Recent sediments of the Marshall Islands with Cletocythereis 
canaliculata Holden, 1976 (which also occurs in the Gilbert Islands) and Cletocythereis 
marshallensis Cronin, 1989 in the west central Pacific Ocean (Cronin & Gibson, 1987; 
Weissleader et al., 1989), Recent sediments of the Caroline Islands of Micronesia 
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(Weissleader et al., 1989), Recent sediments of the Mariana Islands on the western 
margin of the Pacific Plate (Weissleader et al., 1989; Paulay et al., 2003), the 
Pleistocene of Victoria (McKenzie et al., 1990) and Recent sediments of southeastern 
Australia (McKenzie, 1967; Hartmann, 1981; Yassini & Jones, 1987, 1995; McKenzie 
et al., 1990; Yassini et al., 1995) and the Solomon Islands and Western Samoa in the 
southwest Pacific Ocean (McKenzie, 1986; Titterton & Whatley, 2009). Very similar 
species occur in the late Eocene of Victoria (McKenzie et al., 1993), the late Eocene to 
early Oligocene of South Australia (McKenzie, 1979; Majoran, 1996b), the late 
Oligocene of Victoria (McKenzie et al., 1991), the early Miocene to early Pliocene of 
Victoria (Warne, 1987, 1989; Neil, 1994) and Recent sediments of southwestern 
Australia (Hartmann, 1979). Cletocythereis kurrawa McKenzie et al., 1993 occurs in the 
latest Paleocene/earliest Eocene to late Eocene of Victoria (McKenzie et al., 1993; 
Eglington, 2006). Cletocythereis taroona McKenzie et al., 1993 occurs in the middle (?) 
to late Eocene of Victoria and South Australia (McKenzie, 1979; McKenzie et al., 1991, 
1993; Majoran, 1996a, b). Cletocythereis australis Malz, 1980 and Cletocythereis curta 
McKenzie, 1967 occur in the Pliocene to Recent sediments of southeastern Australia 
(McKenzie, 1967; Malz, 1980; Warne & Soutar, 2011), and a species resembling 
Cletocythereis curta McKenzie, 1967 occurs in the late Eocene of South Australia 
(McKenzie et al., 1991). Cletocythereis caudispinosa (Chapman et al., 1928) occurs in 
the early to middle Miocene of southeastern Australia (McKenzie, 1974, 1981; Whatley 
& Downing, 1983; McKenzie & Peypouquet, 1984; Warne, 1987, 1989; Neil, 1994, 
2000b). Cletocythereis watsonae Jellinek, 1993 is recorded from Recent sediments of 
Henderson Island in the South Pacific Ocean (Whatley et al., 2004), the Kenyan Barrier 
Reef (Jellinek, 1993), the Java Sea (Watson, 1988), the Great Barrier Reef (Behrens, 
1992) and the Ryukus Islands of Japan (Tabuki & Nohara, 1990). Cletocythereis nautes 
Whatley et al., 2000 from Easter Island in the South Pacific Ocean is much larger 
(Whatley et al., 2004). 
 
The shallow marine genus Cletocythereis has an Indo-Pacific distribution and 
Cletocythereis trifolium, from the Maastrichtian of the Southern Carnarvon Basin, 
represents its earliest known occurrence. It subsequently appeared in the latest 
Paleocene/earliest Eocene of Victoria, the early Eocene of New Zealand, the late Eocene 
of South Australia, the late Oligocene of western India, the late Miocene of the East 
China Sea, the Pliocene of Taiwan, the Pleistocene of Midway Island, and recently in 
the Hawaiian Islands, Micronesia, the Solomon Islands, western Samoa, Henderson 
Island, Easter Island, the Java Sea, the Kenyan Barrier Reef, and eastern and 
southwestern Australia. 
 
The subtriangular lateral outline of Cletocythereis trifolium differentiates it from 
members of the Alatapacifica septarca group, including the coarsely reticulate 
Alatapacifica sp. 1 and medially reticulate Alatapacifica mesoreticulata that also occur 
in the Miria Formation of the Southern Carnarvon Basin. Members of the subrectangular 
Alatapacifica septarca group do not have a slight concavity between a thickened dorsal 
margin and anterior margin on the right valve, or a small triangular projection above the 
eye tubercle on the left valve. 
 
Compared with Cletocythereis trifolium, Cletocythereis kurrawa McKenzie et al., 1993, 
from the latest Paleocene/earliest Eocene to late Eocene of Victoria (McKenzie et al., 
1993; Eglington, 2006), lacks the terminal posterior spine on the dorsal margin and has 
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an ornamented anterior marginal rim, whilst, Cletocythereis taroona McKenzie et al., 
1993, from the middle (?) to late Eocene of Victoria and South Australia (McKenzie, 
1979; McKenzie et al., 1991, 1993; Majoran, 1996a, b), has a dorsal margin adorned 
with sharp spines that obscure the dorsal margin in lateral view. The Cletocythereis 
rastromarginata (Brady, 1880) illustrated by Ayress (1995) from the late Eocene of 
New Zealand has a reticulate subcentral tubercle and ornamented anterior marginal rim, 
whereas these features are unadorned in Cletocythereis trifolium. The Cletocythereis cf. 
curta McKenzie, 1967, from the late Eocene of South Australia, closely resembles 
Cletocythereis trifolium, except that the first has more quadrate rather than clover-
shaped reticules. Cletocythereis caudispinosa (Chapman et al., 1928), from the early to 
middle Miocene of southeastern Australia (McKenzie, 1974, 1981; Whatley & 
Downing, 1983; McKenzie & Peypouquet, 1984; Warne, 1987, 1989; Neil, 1994, 
2000b), derives its name from its very spinose posterior margin, which along with a 
spinose anterior margin and a mid-dorsal rim tooth in the left valve, differentiates it 
from Cletocythereis trifolium. 
  
Benson (1972) noted that the genera Cletocythereis, Oertliella Pokorný, 1964 and his 
new blind genus Agrenocythere “can be shown to have a common origin.” 
“Cletocythereis (with a partially divided V-shaped frontal scar) could have evolved from 
Oertliella (V-shaped frontal scar)” (Benson, 1972). Cletocythereis also resembles 
Alatapacifica Warne, 2010, except the latter has buttressed ventrolateral and dorsal 
ridges and an arcuate ocular ridge extending from the eye tubercle to the subcentral 
tubercle. Traces of this arcuate ocular ridge can be seen in early instars of Cletocythereis 
(see Plate 1, Figure 8 of Neil, 1994). Whilst Warne (2010) assigned the genera 
Alatapacifica and Alataleberis to the Subfamily Pterygocytherinae, this may need to be 
revised due to the similarities observed here between the genera Alatapacifica and 
Cletocythereis. 
 
This author believes that Cletocythereis jonesi Wood et al., 1992, from the late Miocene 
to late Pliocene of northwest Europe (Wood, 2009), and Cletocythereis? angusticostata 
(Bosquet, 1852), from the middle to late Eocene of Hungary (Ozsvárt, 1999), are more 
likely to belong to the genus Paragrenocythere Al-Furaih, 1975, from the Late 
Cretaceous to Paleocene of Saudi Arabia (Al-Furaih, 1975), the Maastrichtian to late 
Paleocene of Mali and Paleocene of Libya (Morsi & Scheibner, 2009), the late 
Paleocene of the Ivory Coast, Niger and possibly Nigeria (Morsi & Scheibner, 2009), 
the late Paleocene to early Eocene of Egypt (Morsi & Scheibner, 2009), the middle 
Eocene of northern Somalia (Elewa et al., 2001), the early Eocene of northwest India 
(Bhandari, 2008), and possibly the late Eocene of northwest India and west Pakistan 
(Bhandari, 1991, recorded as Patagonacythere? nidulus Siddiqui, 1971). Likewise with 
Cletocythereis atlantica Coimbra et al., 2004, from Recent shallow marine sediments 
northeast of the mouth of the Amazon River (Coimbra et al., 2004), which very closely 
resembles the “Paragrenocythere” sp. of Benson (1974), from the upper Eocene and 
middle Miocene bathyal sediments of DSDP 237 on the Mascarene Plateau in the 
western Indian Ocean. These last two species have the distinctive reticulate ornament 
characteristic of Cletocythereis rastromarginata (Brady, 1880) but the anterior marginal 
reticules, immediately posterior of the anterior marginal rim, are not continuous with 
those just above the ventrolateral rim. To the northwest of the mouth of the Amazon 
River, a Cletocythereis-like species had previously been observed in the Maastrichtian 
of Jamaica (Benson, 1972). 
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Also, the Cletocythereis? sp. of Swain (1973), from the Lower to Upper Maastrichtian 
bathyal sediments of the Shatsky Rise in the northwest Pacific Ocean (Swain, 1973, 
1983), belongs to the genus Pennyella Neale, 1974 (Neale, 1975), and is remarkably 
similar to the Pennyella sp. C of Boomer (1999), from the upper Miocene and upper 
Pliocene bathyal sediments of DSDP 463 on the Mid-Pacific Mountains. 
 
Stage and stratigraphic distribution: Lower Maastrichtian Korojon Calcarenite and 
Upper Maastrichtian Miria Formation of the Southern Carnarvon Basin. 
 
Genus HERMANITES s.l. Puri, 1955 
 
Type species: Hermania reticulata Puri, 1953, p. 267, Plate 11, Figs. 8-9; text-figs. 9g-h 
 
Hermanites sp. 
(Plate 34, Figs. 2 & 4) 
 
Material: A juvenile right valve, and the posterior part of an adult left valve and the 
posterior part of an adult right valve from the KG-1 outcrop. An adult right valve and a 
damaged adult left valve from the UWA Cardabia stratigraphic hole. 
 
Dimensions  Length (mm) Height (mm) 
Juvenile right valve Plate 34, Fig. 2 0.45 0.24 
Adult right valve Plate 34, Fig. 4 0.67 0.33 
 
Short description and remarks: This alate Hermanites sp. is subrectangular, coarsely 
reticulate and caudate, with a distinct eye tubercle, a reticulate subcentral tubercle, a 
posterodorsal ridge, a spinose posteroventral margin and a broadly rounded anterior 
margin. It resembles Hermanites sagitta Bate, 1972, from the Santonian to Campanian 
Toolonga Calcilutite and the Campanian Korojon Calcarenite of the Southern Carnarvon 
Basin (Bate, 1972), except that the reticulation of the latter bears short spines and the 
first has a reticulate subcentral tubercle. Bate (1972) notes that the females are quadrate 
and the males more elongate, so the adult right valve illustrated here in Plate 34,  
Figure 4 is probably a male. 
 
The author has also retrieved a damaged female right valve and a juvenile carapace of a 
very similar species from the Lower Maastrichtian Korojon Calcarenite of the UWA 
Cardabia stratigraphic hole. 
 
The author previously discussed how Bate (1972) considered Hermanites sagitta Bate, 
1972 to differ from other species of the genus Hermanites. In the current study, 
similarities between Hermanites sagitta Bate, 1972 and Oertliella exquisita Bate, 1972, 
appear to indicate that Hermanites sagitta Bate, 1972 is closely related to the genus 
Oertliella, although the latter is not alate. 
 
It has been suggested that Hermanites sagitta Bate, 1972 is the fundamental ancestor of 
the predominantly deep-sea genus Poseidonamicus since based on external morphology 
it resembles forms such as Poseidonamicus robustus Whatley, Downing, Kesler & 
Harlow, 1986 (Whatley et al., 1983, 1986; Whatley, 1985). Whatley et al. (1983) note 
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that Hermanites sagitta Bate, 1972 does not belong to the genus Poseidonamicus (nor 
the genus Hermanites) but it does have “four undivided adductor scars and a V-shaped 
frontal, very similar to the juveniles of the earliest Poseidonamicus species.” 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Subfamily PTERYGOCYTHERINAE Puri, 1957 
 
Genus ALATAPACIFICA Warne, 2010 
 
Type species: ?Alatahermanites septarca Neil, 1994, p. 9, Plate 3, Figs. 4-6 
 
Alatapacifica mesoreticulata sp. nov. 
(Plate 34, Figs. 6-10) 
 
Derivation of name: Greek mesos – middle and Latin reticulatus – reticulate. A 
reference to the clover-shaped reticulate ornament in the middle of the valve surface. 
 
Diagnosis: Subrectangular lateral outline with rimmed, broadly rounded, denticulate 
anterior margin and rimmed, caudate, posteroventrally spinose posterior margin. Alate, 
buttressed, ventrolateral ridge, with six large fossae, that extends to the anterior marginal 
rim. Medially reticulate lateral surface with clover-shaped reticules and a prominent 
subcentral tubercle. Faint arcuate ridge extending from the eye tubercle to the subcentral 
tubercle. A buttressed, undulating posterodorsal ridge, with a few large fossae, that 
descends anteriorly below a small triangular depression. Right valve with marked 
flange. Holamphidont hinge with an extra tooth on the anterodorsal margin of the left 
valve. Males more elongate than females. 
 
Holotype: An adult female right valve (MG10601) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 7 (Depth: 30-35cm. Age: Late Maastrichtian). 
 
Paratypes: An adult female left valve (MG10603) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 1 (Depth: 0-5cm. Age: Late Maastrichtian). 
      An adult male right valve (MG10604) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 6 (Depth: 25-30cm. Age: Late Maastrichtian). 
  
Topotypes: A penultimate instar carapace (MG10605) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 5 (Depth: 20-25cm. Age: Late Maastrichtian). 
      A penultimate instar left valve (MG10602) from the Miria Formation of the 
Giralia Anticline KG-1 outcrop, Sample 11 (Depth: 50-55cm. Age: Late Maastrichtian). 
 
Other material: A juvenile left valve, a damaged juvenile right valve, the posterior of 
two juvenile left valves, the anterior of a juvenile right valve and a fragment of a 
juvenile left valve from the KG-1 outcrop. 
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Dimensions   Length (mm) Height (mm) 
Topotype, penultimate instar left valve MG10602 Plate 34, Fig. 6 0.57 0.30 
Holotype, adult female right valve MG10601 Plate 34, Fig. 7 0.62 0.32 
Paratype, adult female left valve MG10603 Plate 34, Fig. 8 0.62 0.31 
Paratype, adult male right valve MG10604 Plate 34, Fig. 9 0.66 0.27 
Topotype, penultimate instar carapace MG10605 Plate 34, Fig. 10 0.57  
 
Description: Subrectangular lateral outline with broadly rounded, denticulate anterior 
margin, subparallel dorsal and ventral margins, and caudate posterior margin, on the line 
of greatest length, with extremity near mid-height. The greatest height occurs at the 
anterior cardinal angle and the greatest width is associated with the ventrolateral ridge. 
The ventral margin has a very gentle medial concavity. The posterodorsal margin is 
concave and the posteroventral margin convex with a few spines. The anterior marginal 
rim has a deep depression behind it and the posterior marginal rim has several large 
fossae in front of it. 
 
The reticulate ornament is mainly confined to the area between the ventrolateral ridge 
and eye tubercle to posterodorsal ridge, and the reticules are clover-shaped. There is an 
eye tubercle with a faint arcuate ridge extending to a prominent, bare subcentral 
tubercle. The alate, buttressed, ventrolateral ridge extends to the anterior marginal rim 
and has six large fossae. A buttressed, undulating posterodorsal ridge, with a few large 
fossae, descends anteriorly below a small triangular depression. 
 
There is evidence of sexual dimorphism with the males more elongate than the females. 
 
The hinge is holamphidont with an extra tooth on the anterodorsal margin of the left 
valve. The anterior margin, posteroventral margin and ventral margin (except near the 
oral concavity) of the right valve have a marked flange, which covers the selvage of the 
left valve. The central muscle scar pattern was not visible. 
 
Remarks: Alatapacifica mesoreticulata resembles Alatapacifica sp. 1, although the first 
does not have a completely reticulate lateral surface and the reticules are clover-shaped. 
 
Warne (2010) erected the genus Alatapacifica to accommodate Alataleberis species that 
have “well-developed and buttressed dorsal ridges and a well-developed subcentral 
tubercle.” This genus is split into the coarsely pitted to reticulate septarca species group 
and the predominantly smooth robusta species group. Alatapacifica mesoreticulata and 
the coarsely reticulate Alatapacifica sp. 1 belong to the Alatapacifica septarca group, 
“from late Cenozoic high sea level and warm climatic phases in southeastern Australia” 
(Warne, 2010), and they represent the earliest known occurrences of this Australian 
group. Alatapacifica sp. 2, which also occurs in the Upper Maastrichtian Miria 
Formation of the Southern Carnarvon Basin, represents the earliest known occurrence of 
the Alatapacifica robusta group. 
 
Members of the septarca group recorded by Warne (2010) are Alatapacifica septarca 
(Neil, 1994) from the lower to middle Miocene Fyansford Formation and the middle 
Miocene Muddy Creek Marl of Victoria (Neil, 1994; Warne, 2010), Alatapacifica sp. A 
from the uppermost Miocene Black Rock Sandstone of Victoria (Warne, 2010) and 
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Alatapacifica? gilli (McKenzie et al., 1990) from the Late Pleistocene (last interglacial) 
of Victoria and Recent shallow marine sediments of southern New South Wales and 
eastern South Australia (McKenzie et al., 1990; Yassini & Jones, 1995). The 
Alatapacifica sp. 1 of Warne and Soutar (2011) is recorded from the Pliocene of 
Victoria but as it is not illustrated or described it may belong to either the septarca or 
robusta group. 
 
In the Santonian Gingin Chalk of the Perth Basin, Hermanites volans Neale, 1975 was 
noted to differ considerably from the North American type species, Hermanites 
reticulata (Puri, 1953), and less so from Hermanites haidingeri (Reuss, 1850) (Neale, 
1975), which is now assigned to the European, North African and Middle Eastern genus 
Grinioneis Liebau, 1975. Neale (1975) also noted that Hermanites volans Neale, 1975 
was noticeably different to Hermanites sagitta Bate, 1972, from the Santonian to 
Campanian Toolonga Calcilutite and the Campanian Korojon Calcarenite of the 
Southern Carnarvon Basin (Bate, 1972), as the later did not have the alate ventral rib 
diagnostic of Hermanites volans Neale, 1975 and was reticulate.  
 
Neale (1975) drew attention to a number of unique features of Hermanites volans Neale, 
1975 – the marked alation with an alate ventral rib with “six depressions between short 
vertical costae”, the lack of reticulation and scattered small spines on the main body of 
the valve, the hook-shaped frontal scar and the holamphidont hinge, and suggested that 
it was probably “worthy of a new generic name.” The posterodorsal ridge consists of a 
“mediodorsal, stumpy, flat, triangular spine and a short postero-dorsal spine” (Neale, 
1975). Hermanites volans Neale, 1975 is probably the earliest known occurrence of the 
genus Alataleberis, from the Eocene to Holocene of Australia (Warne, 2010), although 
the subrectangular lateral outline and prominent subcentral tubercle are more 
characteristic of the genus Alatapacifica. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Alatapacifica sp. 1 
(Plate 34, Figs. 3 & 5) 
 
Material: An adult left valve with a damaged anterior margin. 
 
Dimensions  Length (mm) Height (mm) 
Damaged adult left valve Plate 34, Fig. 3 & 5 0.73 0.36 
 
Short description and remarks: This Alatapacifica valve is subrectangular with 
subparallel dorsal and ventral margins, a rimmed anterior margin and a rimmed, caudate, 
posteroventrally spinose posterior margin. The posterodorsal margin is almost straight 
and the posteroventral margin is convex. The ventral margin has a very gentle medial 
concavity. It has a buttressed, alate, almost straight ventrolateral ridge with at least six 
larger fossae. The buttressed, almost straight posterodorsal ridge also has larger fossae 
and descends anteriorly below a small triangular depression. A reticulate ornament of 
large fossae covers the entire lateral surface. There is a prominent eye tubercle with an 
arcuate ocular ridge extending to the prominent subcentral tubercle. The hinge is 
holamphidont hinge with an extra tooth on the anterodorsal margin of the left valve. 
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Alatapacifica sp. 1 resembles Alatapacifica mesoreticulata, although the first has a 
completely reticulate lateral surface and the reticules of the latter are clover-shaped. 
 
Alatapacifica sp. 1 also resembles Limburgina quadrazea (Hornibrook, 1952), but the 
latter species does not have the diagnostic ocular ridge extending from the eye tubercle 
to the subcentral tubercle (see Ayress, 1995, Figures 9.6 and 9.7 and Benson, 1972, Plate 
1, Figure 6). Also, in the original diagnosis of Limburgina quadrazea (Hornibrook, 
1952) the species was assigned to the newly erected genus Quadracythere, where the 
hinge of the right valve consists of a simple anterior tooth, post-adjacent socket, short 
crenulate median groove and smooth obscurely lobed posterior tooth, with 
complementary structures in the left valve. There is no mention of the additional tooth-
like structure present on the left valve anterodorsal margin anterior of the normal hinge 
elements, which Warne (2010) describes as diagnostic of the genus Alatapacifica. It is 
worth noting that Limburgina aurora Neale, 1975, from the Santonian Gingin Chalk of 
the Perth Basin (Neale, 1975), Limburgina formosa Bate, 1972, from the Campanian 
Toolonga Calcilutite and Korojon Calcarenite of the Southern Carnarvon Basin (Bate, 
1972) and Limburgina postaurora Dingle, 2009, from the uppermost Maastrichtian 
Upper Laidmore Formation at Mid-Waipara River Gorge on the South Island of New 
Zealand (Dingle, 2009), have the narrow posteromedian rib that Deroo (1966) 
considered a diagnostic feature of the genus Limburgina, although in Limburgina aurora 
Neale, 1975 it is described by Dingle (2009) as a spinose median longitudinal elevation 
rather than a ridge. In contrast, in Limburgina quadrazea (Hornibrook, 1952), from the 
Paleogene of New Zealand (Hornibrook, 1952; Benson, 1972; Ayress, 1995), this 
feature is indistinct. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
 
Alatapacifica sp. 2 
(Plate 35, Fig. 7) 
 
Material: An abraded juvenile carapace from the KG-1 outcrop. 
 
Dimensions  Length (mm) Height (mm) 
Abraded juvenile carapace Plate 35, Fig. 7 0.67 0.28 
 
Short description and remarks: This abraded Alatapacifica juvenile carapace belongs to 
the robusta group due to the “smooth external surface between the ventral and dorsal 
ridges” (Warne, 2010). However, due to abrasion, the subcentral tubercle and the arcuate 
ridge from the eye tubercle to the subcentral tubercle are subdued, and only the 
buttresses of the dorsal and ventrolateral ridges remain. 
 
Members of the robusta group recorded by Warne (2010) are Alatapacifica robusta 
(McKenzie & Warne, 1986) from the upper Paleocene Pebble Point Formation (Neil, 
1997) and the middle (?) to upper Eocene Browns Creek Clays and basal Castle Cove 
Limestone (McKenzie, 1974; McKenzie et al., 1993; Warne, 2010) of Victoria, 
Alatapacifica paranuda (Milhau, 1993) from the early Miocene of the North Island of 
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New Zealand (Milhau, 1993), and Alatapacifica sp. B from Recent shallow marine 
sediments of Three Kings Island, north of New Zealand (Warne, 2010). 
 
This juvenile specimen is the earliest known representative of the Alatapacific robusta 
group, which is endemic to Australia and New Zealand. 
 
Stage and stratigraphic distribution: Upper Maastrichtian Miria Formation of the 
Southern Carnarvon Basin. 
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Chapter 6 
Conclusions 
 
The Jurassic and Early Cretaceous ostracods from Western Australia reflect 
palaeobiogeographic changes associated with fragmentation of Gondwana and 
formation of the Indian Ocean. Similarities in the Early Jurassic ostracod faunas of 
northwestern Europe (western end of Tethys) and the NW coast of Australia (eastern 
end of southern Tethys), indicate there was little variation in depositional conditions 
along the extensive northern Gondwana marine shelf. 
 
During the Middle Jurassic, Gondwana began to rift into East Gondwana (Australia, 
Antarctica, Greater India, Madagascar and the Seychelles) and West Gondwana 
(Africa and South America), with the western Indian Ocean forming between the two 
fragments. The Western Australian Middle Jurassic ostracod fauna consisted of 
genera distributed along the extensive marine shelf of northern Gondwana (e.g., 
Eucytherura and Fastigatocythere), with a Southern Hemisphere element 
characterised by Paradoxorhyncha, Gondwanacythere, Mandawacythere and 
Indeterminate Genus australis, plus endemic genera (e.g., Bringocythere and 
Fistulosacythere). The ostracod fauna of Western Australia had particularly strong 
links with NW India, Madagascar and Tanzania (an East Tethys Province) and 
weaker links with Saudi Arabia (part of a South Tethys Province). Another strong 
link is identified with west-central Argentina, based on the genus 
Paradoxorhyncha―which demonstrates that migration had also occurred along the 
marine shelf of southern Gondwana. 
 
During the Late Jurassic, when the West Burma Block drifted away from the NW 
margin of Australia and formed the eastern Indian Ocean, a distinctive Indian Ocean 
ostracod fauna developed, characterised by the Gondwanan genera Majungaella and 
Arculicythere. This fauna had strong links with the East Tethys Province, including 
northern Somalia, and a weak link with Saudi Arabia and Israel (part of the South 
Tethys Province). 
 
Sedimentation was regressive during the Berriasian to Early Valanginian and the 
ostracods of Madagascar and Western Australia still belonged to a distinctive Indian 
Ocean ostracod fauna characterised by the Gondwanan genera Majungaella and 
Arculicythere. 
 
During the Late Valanginian, when Greater India drifted away from Australia-
Antarctica and extended the eastern Indian Ocean southwards, there was a major 
marine transgression. As a consequence, interchange between the Indian Ocean and 
the SE and southern Pacific Ocean became possible during the Late Valanginian to 
Hauterivian due to breaching of physical barriers between the two regions. The 
Indian Ocean ostracods of Western Australia thus came to display links with NW 
India, Madagascar, the Mozambique Ridge, South Africa and southern South 
America. By the Barremian, the occurrence of Rostrocytheridea in Western 
Australia, which had previously been restricted to South Africa and Argentina, 
indicated that a new province, the Austral Province, had been initiated. 
 
The Early Aptian break-up of Greater India from Antarctica resulted in formation of 
a circum-India seaway; it ultimately brought an end to the restricted environments 
between southern Argentina, South Africa and east Antarctica, and along the 
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southwest coast of Australia. By the Late Aptian, Arculicythere tumida Dingle, 1971 
and Robsoniella falklandensis Dingle, 1984 had migrated into the new seaway 
between India, Antarctica and Western Australia. By the Early Albian these two 
species occur on the Falkland Plateau, and A. tumida Dingle, 1971 also occurs in 
southern Argentina, on the Agulhas Bank off South Africa, in Madagascar and 
southern India. Their migratory pathways follow the cool West Wind Drift current 
encircling Antarctica, Australia and Papua New Guinea that resulted in formation of 
an Austral Province. 
 
The Middle Albian to Late Cenomanian ostracod fauna remains a part of this Austral 
Province. The only new species to arise in the Cenomanian are Cythereis sp., 
Paramunseyella sp., Ginginella sp., Semicytherura augusta Neale, 1975 and 
Cytherella cf. jonesi Neale, 1975. The genus Cythereis also occurs in the Albian to 
Cenomanian of southern Argentina (Ballent, 1998), South Africa (Dingle, 1984), 
Tanzania (Bate & Bayliss, 1969), Madagascar (Babinot et al., 2009) and northwest 
India (Andreu et al., 2007). However, the other four species first appear in the Upper 
Cenomanian Rotalipora extinction Planktonic Foraminiferal Subzone, during the 
second stage of the Cenomanian/Turonian boundary event (CTBE), in association 
with intense upwelling of oxygenated, nutrient-rich deeper water, a Late Cenomanian 
marine transgression and a cooling climate. These four species also belong to the 
diverse Turonian to Maastrichtian ostracod fauna that occurs after the CTBE and 
may indicate an expansion of cooler water Austral faunas into the region. The third 
stage of the CTBE is associated with maximum biotic stress and oceanic anoxia due 
to significant expansion and intensification of the oxygen minimum zone at the 
height of the marine transgression and global warming. It marks the demise of the 
Middle Albian to Late Cenomanian ostracod fauna and is represented on the 
Exmouth Plateau by the deposition of dark brown/green shales in Eendracht-1 and 
Scarborough-1. 
 
Paramunseyella sp. and Ginginella sp. represent the earliest known representatives 
of the Family Pectocytheridae and by the Late Maastrichtian this family is 
represented within the Miria Formation and its offshore equivalents by six species of 
Paramunseyella, a species of Ginginella, two species of Premunseyella, four species 
of Munseyella and one species of an unnamed genus. Neale (1975) had previously 
suggested that “Australia was a centre of evolution” for the pectocytherid family, and 
its earliest known occurrence and subsequent diversity in this region supports this 
observation. Beyond Western Australia, members of this family first appear in the 
Late Cretaceous in the Campanian of James Ross Island, Antarctica (Fauth et al., 
2003) and ODP 689B on Maud Rise, 750km north of East Antarctica (Majoran & 
Widmark, 1998), the middle Maastrichtian of DSDP 327A on the Falkland Plateau 
(Majoran et al., 1998) and west-central Argentina (Bertels, 1975), and the Late 
Maastrichtian of ODP 698A on the Northeast Georgia Rise (Majoran et al., 1997; 
Majoran et al., 1998). This is an Austral distribution. 
 
During the Late Cretaceous, Babinot and Colin (1992) defined an Austral 
Bioprovince for the south-southeast of the Tethyan Realm that subsequently 
differentiated into Indian, Australian and South African subprovinces. By the Early 
Turonian the link between Australia-Antarctica and India-Madagascar had been 
severed due to the submergence of the Kerguelen Plateau to bathyal depths 
(Holbourn & Kuhnt, 2002) and “the Indian Ocean and Weddell Sea regions had 
open, deepwater circulation” Lawver et al., (1992). 
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Neale (1976) noted that the western Australian ostracod faunas had a combination of 
cosmopolitan and endemic genera (now restricted to Eorotundracythere and 
Verseya), which he called “an Australian Upper Cretaceous paradox.” A South 
African connection was observed by Neale (1975) based on the occurrence of the 
Gondwanan genus Majungaella and the Austral genus Rostrocytheridea. However, 
this reflects a historical connection as Majungaella first appears in the Late 
Oxfordian of Western Australia (Oertli, 1974, recorded as “Metacytheropteron”) and 
the Late Valanginian of South Africa (Dingle, 1969; Brenner & Oertli, 1976; 
McLachlan et al., 1976a; Valicenti & Stephens, 1984), whilst Rostrocytheridea 
appears in the Early Valanginian of South Africa (McLachlan et al., 1976a) and the 
Barremian of Western Australia (this study). Late Cretaceous generic links identified 
in this study include Majungaella, Glencoeleberis, Dutoitella, Agulhasina and 
Apateloschizocythere. In the Maastrichtian, the genera Dutoitella and Agulhasina 
also occur on the Falkland Plateau (Dingle, 1984), and Dutoitella on the Walvis 
Ridge (Majoran et al., 1997) and in Tanzania (Bate & Bayliss, 1969, recorded as 
Genus C sp.), whilst Agulhasina also occurs in the Campanian of Tanzania (Bate & 
Bayliss, 1969, recorded as Genus B sp.). Oertliella exquisita Bate, 1972 and 
Apateloschizocythere geniculata Bate, 1972 are remarkably similar to species 
identified in South Africa and the Late Maastrichtian of Egypt (Bassiouni and Luger, 
1990). In the Late Cretaceous, the genus Rayneria also occurs in South Africa, 
Western Australia and possibly New Zealand (Neale, 1975; Dingle, 1980, 2009), 
whilst the possible earliest known occurrence of the genus Apateloschizocythere 
occurs in the Cenomanian of New Zealand (Dingle, 2009). 
 
The Campanian quantitative palaeobiogeographical analysis of Seeling et al. (2004) 
identified a southern warm temperate or Austral palaeobiogeographical unit, 
characterised by the occurrence of the genera Majungaella and Rostrocytheridea, 
that included the Chubut Basin (or San Jorge Gulf Basin, located between the 
Neuquén Basin of west-central Argentina and the Austral Basin of southern 
Argentina), the James Ross Basin of Antarctica, and the Perth and Carnarvon Basins 
of Western Australia. 
 
The occurrence of the genera Majungaella, Allaruella, Pelecocythere (recorded as 
Cytheropteron), Anebocythereis and possibly Toolongella (recorded as 
Pterygocythereis?) in the San Jorge Gulf Basin indicates a connection with Western 
Australia. Also, the punctate Cytherella araucana Bertels, 1974 of Rossi de García 
and Proserpio (1980) has an evenly rounded and strongly inflated posterior like the 
smooth to terminally punctate Cytherella miriaensis sp. nov. of the Upper 
Maastrichtian Miria Formation. 
 
The occurrence of the genera Majungaella, Munseyella and Retibythere (Retibythere) 
(recorded as Amphicytherura?) in the middle Maastrichtian of the Neuquén Basin, 
west-central Argentina Bertels (1975), demonstrates another Argentinean link with 
Western Australia. Although, Majungaella and Retibythere (Retibythere) (which 
probably has its earliest known occurrence in the Late Valanginian of South Africa) 
may reflect a historical connection, the occurrence of Munseyella may be due to the 
geographical barrier formed by the Rio Grande Rise and Walvis Ridge being 
breached near the Early-Late Maastrichtian boundary, which resulted in well-
oxygenated intermediate and deep water starting to flow between the northern and 
southern parts of the South Atlantic Ocean (Frank & Arthur, 1999). The Austral 
elements of the subsequent lower Paleocene Roca Formation of the Neuquén Basin 
(Bertels, 1973) include Cytherelloidea spirocostata Bertels, 1973, Munseyella laurea 
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Bertels, 1973, “Trachyleberis” huantraicoensis Bertels, 1969 and several 
Glencoeleberis species (a genus, previously identified as Trachyleberis, which has its 
earliest known occurrence in the Coniacian of the Carnarvon Basin). 
 
Although Majungaella first appears in southern South America in the Late 
Valanginian (Sigal et al., 1970; Kielbowicz et al., 1983; Ballent et al., 1998), it does 
not appear in Brazil until the Campanian (Krömmelbein, 1975a; Miller et al., 2002). 
Apart from Majungaella, other Late Cretaceous generic links identified in this study 
between Western Australia and Brazil include Pelecocythere (which has its earliest 
known occurrence in the Santonian of Western Australia and the Santos Basin of 
southeast Brazil (Piovesan et al., 2010)), Glencoeleberis from the Maastrichtian 
outer shelf to upper bathyal sediments of the Santos Basin (Miller et al., 2002), 
Dutoitella from the Lower Maastrichtian shallow marine sediments of the Pará-
Maranhão Basin on the Brazilian equatorial margin (Piovesan et al., 2009) and the 
Upper Maastrichtian bathyal sediments of DSDP 356 on the São Paulo Plateau, west 
of the Rio Grande Rise, and Eucythere (represented by a species resembling 
Eucythere cf. circumcostata Whatley & Coles, 1987) in the Lower Maastrichtian 
shallow marine sediments of the Pará-Maranhão Basin (Piovesan et al., 2009). 
Piovesan et al. (2009) also illustrate a smooth Cytherella species, with a strongly 
inflated posterior, from the Santonian to Upper Maastrichtian shallow marine 
sediments of the Pará-Maranhão Basin which is very similar to Cytherella miriaensis 
sp. nov. of the Upper Maastrichtian Miria Formation. 
 
Piovesan et al. (2009) note that the Maastrichtian northeastern Brazilian ostracod 
fauna, which has several species that reflect its earlier connection to West Africa, 
also had links with the Caribbean, California and the Gulf of Mexico coastal plains. 
In contrast, Machado et al. (2005) note that southeastern Brazil occupies a 
transitional realm that is influenced by upwelling of the cold Malvinas Current 
flowing northwards along the east coast of South America. These two Brazilian 
regions occur near the northern and southern limits of a transitional realm. 
 
The Brazilian Santos Basin, the Argentinean Neuquén Basin, the southernmost tip of 
Africa and the Exmouth Plateau of northwest Australia are located near the 
Subtropical/Subantarctic Convergence Zone. During periods of global cooling, such 
as the Late Campanian to Maastrichtian (Barrera & Savin, 1999; Li & Keller, 1999; 
Keller, 2008), cool-water species predominate and during brief intervening periods 
of global warming, such as the late Early Maastrichtian (Li & Keller, 1999), earliest 
Late Maastrichtian (Thibault & Gardin, 2007) and latest Maastrichtian (Barrera & 
Savin, 1999; Li & Keller, 1999; Thibault & Gardin, 2007; Keller, 2008), warm-water 
species predominate.  
 
In the Late Maastrichtian, Thibault and Gardin (2007) reported the anomalous 
occurrence of a “surprisingly high abundance” of cold-water Kamptnerius 
magnificus at Demerara Rise in the Western Tropical Atlantic off Surinam (Thibault 
& Gardin, 2006) and “ammonites usually restricted to the southern middle to high 
latitudes of the Indo-Pacific” in the Gulf of Mexico (Ifrim et al., 2004). Although 
“the source of these cold surface waters needs to be further investigated” (Thibault 
and Gardin, 2007), it is worth noting that the geographical barrier formed by the Rio 
Grande Rise and Walvis Ridge in the middle latitude of the South Atlantic was 
breached by sea-floor spreading along the Mid-Atlantic Ridge near the Early-Late 
Maastrichtian boundary (Frank & Arthur, 1999), which would have enabled the cold 
bottom waters being generated in the high southern latitudes to flow into the Western 
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Tropical Atlantic. This hypothesis is further substantiated by the appearance in the 
Upper Maastrichtian bathyal sediments of Demerara Rise (Guernet and Danelian, 
2006) of alate cytherellids that resemble the alate Western Australian cytherellids 
and the ostracod genus Pelecocythere. Even further north, in the Maastrichtian 
bathyal sediments of Blake Nose in the low latitude, western North Atlantic Ocean 
(Majoran, 1999), the appearance of the ostracod genera Apateloschizocythere, 
Philoneptunus (recorded as Profundobythere?) and Dutoitella, and the species 
Eucythere cf. circumcostata Whatley & Coles, 1987, gives additional weight to this 
argument. Furthermore, a disconformity occurs at Blake Nose that represents “most 
of the lower and middle Maastrichtian sediments of DSDP Hole 390A” (Linnert & 
Mutterlose, 2009), which is similar to that identified on the western margin of 
Australia that Howe et al. (2003) attributed to the flow of corrosive and/or strong 
currents of cold, oxygenated, bottom waters from Antarctica. 
 
Cytherelloidea megaspirocostata Majoran & Widmark, 1998, which Dingle (2009) 
considers conspecific with the Argentinean Cytherelloidea spirocostata Bertels, 
1973, also occurs on the Antarctic Peninsula (Fauth et al., 2003; Dingle, 2009), in 
the Southern Ocean at Maud Rise (Majoran & Widmark, 1998) and the northeast 
Indian Ocean of the Southern Carnarvon Basin (Bate, 1972; recorded as 
Cytherelloidea westaustraliensis Bate, 1972) and Northern Carnarvon Basin (this 
study). The spiral ridge and variations based on a spiral ridge are represented by 
several different species in the Late Cretaceous of the Carnarvon Basin. 
 
The genus Pelecocythere, which it was noted previously demonstrates a Late 
Cretaceous connection between the western Australian margin and the Atlantic 
margin of South America, also occurs in the Campanian of James Ross Island, 
Antarctica (Fauth et al., 2003), the latest Maastrichtian of New Zealand (Dingle, 
2009) and possibly the Maastrichtian of Germany (Piovesan et al., 2010). 
 
The latest Maastrichtian ostracod fauna of New Zealand (Dingle, 2009) also belongs 
to the Austral province, based on the occurrence of the genera Majungaella and 
Rostrocytheridea, and has a strong connection with the Late Cretaceous of Western 
Australia based on the occurrence of the genera Limburgina, Pelecocythere, 
Scepticocythereis, Glencoeleberis and possibly Rayneria, and the species Bairdia cf. 
austracretacea Bate, 1972, Bythocypris cf. chapmani Neale, 1975, Cythereis cf. 
brevicosta Bate, 1972, Cytherelloidea cf. westaustraliensis Bate, 1972 and 
Scepticocythereis cf. ornata Bate, 1972. The youngest known occurrence of the 
genus Rostrocytheridea occurs in the uppermost Maastrichtian deposits of New 
Zealand (Dingle, 2009), whilst the genus Majungaella is subsequently restricted to 
the Cenozoic of Antarctica (Whatley et al., 2005). 
 
In the Upper Cretaceous bathyal sediments of ODP 689B on Maud Rise, 750km 
north of East Antarctica (Majoran et al., 1997; Majoran & Widmark, 1998), the 
occurrence of Cytherelloidea species with spiral ridges, similar eucytherid species, 
pectocytherid genera that occur in the Late Cretaceous of Western Australia and the 
genera Apateloschizocythere, Pennyella, Agulhasina, Dutoitella and Glencoeleberis 
indicates a connection between the western Australian margin and the Antarctic 
region in the Southern Ocean. 
 
The genus Rugocythereis have also been retrieved from the Santonian to Campanian 
sediments of the Northern Carnarvon Basin (Damotte, 1992, recorded as 
Hystricocythere?; this study), which represents its earliest known occurrence, and in 
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the Late Cretaceous it subsequently appears in the Maastrichtian of the Falkland 
Plateau (Majoran et al., 1998, recorded as Pennyella? sp. 2 and Indeterminate gen. et 
sp. b). In the Upper Maastrichtian bathyal sediments of the Northeast Georgia Rise 
(Majoran et al., 1997; Majoran et al., 1998), the genus Dutoitella also occurs with 
the new genus of pectocytherid that occurs in the Late Cretaceous of Western 
Australia. 
 
The genus Profundobythere appears to have originated in the shallow marine 
sediments of the Perth Basin in the Santonian. In the Late Cretaceous, it 
subsequently appears in the Campanian of the Carnarvon Basin, and the Late 
Maastrichtian of the Mid-Pacific Mountains (Larwood & Whatley, 1993; Boomer & 
Whatley, 1995) and the Walvis Ridge in the South Atlantic Ocean (Majoran et al., 
1997, 1998). This is one of several genera that demonstrate that ostracods also 
migrated out from this region into the western and central Pacific Ocean.  
 
The earliest known occurrences of the genus Philoneptunus occur in the Late 
Cretaceous of the Carnarvon Basin (this study and recorded as Karsteneis in Bate 
(1972) and Damotte (1992)) and DSDP 208 on the northern end of the Lord Howe 
Rise in the southwest Pacific Ocean (Whatley et al., 1992). Neale (1975) also noted 
that his two new genera, Pennyella and Collisarboris (which first appears in the 
Albian of the Falkland (Dingle, 1984) and Exmouth (Damotte, 1992) Plateaus and 
occurs in the Late Maastrichtian of this study), also occur in the Maastrichtian 
bathyal sediments of the Shatsky Rise in the northwest Pacific Ocean (Swain, 1973, 
1983), and Boomer (1999) records Pennyella sp. A in the Upper Maastrichtian 
bathyal sediments of DSDP 463 on the Mid-Pacific Mountains. 
 
The genus Pariceratina from the Late Cretaceous of Western Australia (Bate, 1972, 
recorded as Monoceratina; Neale, 1975, recorded as Cretaceratina; this study) 
subsequently appears in the Upper Maastrichtian bathyal sediments of DSDP 463 on 
the Mid-Pacific Mountains (Boomer, 1999) and possibly the Maastrichtian bathyal 
sediments of the Shatsky Rise in the northwest Pacific Ocean (Swain, 1983, recorded 
as Miracythere?). The genus also occurs in the Maastrichtian of South Africa 
(Dingle, 1981). Also, Parahemingwayella ginginensis Boomer & Whittaker, 1994, 
from the Late Cretaceous of Western Australia (Neale, 1975; Boomer & Whittaker, 
1994; this study) is “related to a group of very similarly ornamented species which 
have been recorded from Cenozoic deep sea sediments in the western and mid-
Pacific” whose earliest known representative is described by Dingle (1984) from the 
Albian of the Falkland Plateau (Boomer & Whittaker, 1994). 
 
The first record of the eucytherid genus Eucythere in the Pacific Ocean occurs in the 
Upper Maastrichtian bathyal sediments of DSDP 463 on the Mid-Pacific Mountains 
and consists of two species (Boomer, 1999). The Eucythere sp. C of Boomer (1999) 
resembles the Eucythere sp. of this study from the Late Campanian and 
Maastrichtian of the Carnarvon Basin, the Eucythere sp. of Majoran and Widmark 
(1998) from the lowest Maastrichtian bathyal sediments of ODP 689B on Maud 
Rise, 750km north of East Antarctica, and Eucythere paralaevis Coles & Whatley, 
1989 from the Paleogene of the North Atlantic Ocean. The Eucythere sp. D of 
Boomer (1999) is more rotund and resembles a left valve retrieved in this study from 
the Upper Santonian to Lower Campanian Toolonga Calcilutite Equivalent of 
Eendracht-1 in the Northern Carnarvon Basin. In the Late Cretaceous, Eucythere cf. 
circumcostata Whatley & Coles, 1987 occurs in the Middle Campanian of the 
Northern Carnarvon Basin (this study), and subsequently appears in the Lower 
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Maastrichtian shallow marine sediments of the Pará-Maranhão Basin, northeastern 
Brazil (Piovesan et al., 2009) and the Upper Maastrichtian bathyal sediments of ODP 
1052E on Blake Nose in the low latitude, western North Atlantic Ocean (Majoran, 
1999), DSDP 525A and DSDP 528 on the Walvis Ridge in the southern South 
Atlantic Ocean (Majoran et al., 1997, 1998) and ODP 689B on Maud Rise in the 
Southern Ocean (Majoran et al., 1997; Majoran & Widmark, 1998). 
 
There are other genera and/or subgenera that have originated in this region and 
migrated into other areas during the Cenozoic. These are as follows: 
 
 Cytheroma, which probably represents the earliest known occurrence of the 
Family Cytheromatidae. 
 The cytherids Paijenborchella (Paijenborchella) and Loxocythere 
(Loxocythere) 
 The leptocytherids Vandiemencythere and Hemicytheridea 
 The bythocytherids Debissonia and Vitjasiella 
 The eucytherid Rotundracythere 
 The cytherurid Oculocytheropteron 
 The xestoleberidid Xestoleberis 
 The trachyleberidids Cletocythereis, Alatapacifica and probably Alataleberis 
 
The Late Cretaceous part of this study has demonstrated that many of the genera 
characteristic of Cenozoic deep-sea and shallow marine ostracod faunas originated in 
this region and dispersed via the Antarctic margin into the South Atlantic Ocean, and 
subsequently the North Atlantic Ocean and the Mediterranean. Many also migrated 
via the Indo-Pacific Ocean into the southwest, northwest and central Pacific Ocean 
and the western Indian Ocean. 
 
The ostracod fauna of the Late Maastrichtian Miria Formation and its offshore 
equivalents from the Northern and Southern Carnarvon Basins consisted of 103 
species from 59 genera and 19 families. Whilst twenty-one new species have been 
described here (Table 6.1), others have been left in open nomenclature and will be 
investigated further at a later date. Also, the material from the UWA Cardabia 
stratigraphic hole and the Exac-10 borehole requires further investigation as this 
study only takes into account part of their ostracod faunas. 
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Family Species 
Cytherellidae Sars, 1866 Cytherella batei 
 Cytherella alatapunctata 
 Cytherella campanamutus 
 Cytherella miriaensis 
 Cytherella greyi 
 Cytherelloidea labrumrugosum 
 Cytherelloidea punctaspirata 
 Cytherelloidea fossaespirata 
 Cytherelloidea giraliaensis 
 Cytherelloidea costainterrupta 
Cytheridae Baird, 1850 Loxocythere (Loxocythere) tripromontoria 
Leptocytheridae Hanai, 1957 Vandiemencythere ayressi 
Collisarborisidae Neale, 1975 Collisarboris fimbriae 
Bythocytheridae Sars, 1926 Debissonia alata 
 Debissonia papillata 
 Retibythere (Retibythere) carnarvonensis 
 Retibythere (Retibythere) giraliaensis 
Trachyleberididae  
Sylvester-Bradley, 1948 
Glencoeleberis jellineki 
 Toolongella batei 
 Cletocythereis trifolium 
 Alatapacifica mesoreticulata 
Table 6.1. New species described from the Miria Formation of the Southern 
Carnarvon Basin. 
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Explanation of Plate 1 
 
Fig. 1.    Cytherella batei sp. nov., holotype, adult female left valve, MG0101. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, 
> 150μm, Late Maastrichtian. 
 
Fig. 2.    Cytherella batei sp. nov., topotype, juvenile left valve, MG0102. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, > 
150μm, Late Maastrichtian. 
 
Fig. 3.    Cytherella batei sp. nov., paratype, adult female right valve, MG0103. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, > 
150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherella batei sp. nov., topotype, juvenile right valve, MG0104. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 24, 115-120cm, 
> 150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherella batei sp. nov., posterior of an adult male left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, > 150μm, 
Late Maastrichtian. 
 
Fig. 6.    Cytherella batei sp. nov., paratype, damaged adult female left valve, MG0105. 
Internal lateral view (including brood pouches). Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 10, 45-50cm, > 150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherella batei sp. nov., topotype, penultimate instar carapace, MG0106. 
Lateral view from left. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 
100-105cm, > 150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherella batei sp. nov., juvenile carapace. Lateral view from right. UWA 
Cardabia stratigraphic hole, Miria Formation, Sample MF/CRB/3, depth 53.56m, > 
150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherella batei sp. nov., topotype, penultimate instar right valve, MG0107. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-
15cm, > 150μm, Late Maastrichtian. 
 
Fig. 10.   Cytherella batei sp. nov., juvenile carapace. Dorsal view. UWA Cardabia 
stratigraphic hole, Korojon Calcarenite, Sample MF/CRB/6, depth 53.86m, > 150μm, 
Early Maastrichtian. 
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Explanation of Plate 2 
 
Fig. 1.    Cytherella sp. 2, right valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 27, 130-135cm, > 150μm, Late Maastrichtian. 
 
Fig. 2.   Cytherella sp. 2, left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 15, 70-75cm, > 150μm, Late Maastrichtian. 
 
Fig. 3.   Cytherella sp. 2, left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 19, 90-95cm, > 150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherella campanamutus sp. nov., holotype, adult female right valve, 
MG0401. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 29, 140-145cm, > 150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherella campanamutus sp. nov., paratype, adult female right valve, 
MG0402. Internal lateral view (including brood pouches). Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 6, 25-30cm, > 150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherella campanamutus sp. nov., paratype, adult female carapace, MG0403. 
Lateral view from left. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-
45cm, > 150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherella miriaensis sp. nov., topotype, penultimate instar right valve, 
MG0502. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, > 150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherella miriaensis sp. nov., topotype, penultimate instar left valve, 
MG0503. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 15, 70-75cm, > 150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherella miriaensis sp. nov., holotype, adult male right valve, MG0501. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 2, 5-
10cm, > 150μm, Late Maastrichtian. 
 
Fig. 10.   Cytherella miriaensis sp. nov., paratype, adult female left valve, MG0504. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-
15cm, > 150μm, Late Maastrichtian. 
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Explanation of Plate 3 
 
Fig. 1.    Cytherella greyi sp. nov., holotype, adult female right valve, MG0701. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, > 
150μm, Late Maastrichtian. 
 
Fig. 2.    Cytherella greyi sp. nov., paratype, adult female right valve, MG0702. Internal 
lateral view (including brood pouches). Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 1, 0-5cm, > 150μm, Late Maastrichtian. 
 
Fig. 3.    Cytherella greyi sp. nov., paratype, adult female left valve, MG0703. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, > 
150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherella greyi sp. nov., paratype, adult male left valve, MG0704. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 5, 20-25cm, > 
150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherelloidea labrumrugosum sp. nov., holotype, adult female left valve, 
MG0801. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 10, 45-50cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherelloidea labrumrugosum sp. nov., paratype, adult female right valve, 
MG0802. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 9, 40-45cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherelloidea labrumrugosum sp. nov., topotype, juvenile left valve, 
MG0803. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherelloidea labrumrugosum sp. nov., topotype, juvenile right valve, 
MG0804. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherelloidea labrumrugosum sp. nov., topotype, juvenile left valve, 
MG0805. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 10.  Cytherelloidea labrumrugosum sp. nov., topotype, juvenile right valve, 
MG0806. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
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Explanation of Plate 4 
 
Fig. 1.    Cytherelloidea punctaspirata sp. nov., holotype, adult female left valve, 
MG0901. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Cytherelloidea punctaspirata sp. nov., paratype, adult male left valve, 
MG0902. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Cytherelloidea punctaspirata sp. nov., paratype, adult female right valve, 
MG0903. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherelloidea punctaspirata sp. nov., paratype, adult male right valve, 
MG0904. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherelloidea punctaspirata sp. nov., paratype, adult female left valve, 
MG0905. Internal lateral view (including brood pouches). Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherelloidea punctaspirata sp. nov., topotype, penultimate instar right valve, 
MG0906. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 4, 15-20cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherelloidea punctaspirata sp. nov., paratype, adult male right valve, 
MG0907. Internal lateral view (including muscle scar pattern). Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 15, 70-75cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherelloidea punctaspirata sp. nov., topotype, juvenile carapace, MG0908. 
Lateral view from left. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 14, 
65-70cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherelloidea punctaspirata sp. nov., paratype, adult female carapace, 
MG0909. Lateral view from left. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 18, 85-90cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Cytherelloidea punctaspirata sp. nov., paratype, finely punctate variant, adult 
female left valve, MG0910. External lateral view. Giralia Anticline, Exac-10 borehole, 
depth 97m, Miria Formation, >150μm, Late Maastrichtian. 
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Fig. 1.    Cytherelloidea fossaespirata sp. nov., holotype, adult female carapace, 
MG1101. Lateral view from left. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Cytherelloidea fossaespirata sp. nov., topotype, juvenile male left valve, 
MG1102. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Cytherelloidea fossaespirata sp. nov., paratype, adult female right valve, 
MG1103. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherelloidea fossaespirata sp. nov., paratype, adult male right valve, 
MG1104. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 28, 135-140cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherelloidea fossaespirata sp. nov., topotype, penultimate instar female left 
valve, MG1105. Internal lateral view (including brood pouches). Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 20, 95-100cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherelloidea fossaespirata sp. nov., topotype, juvenile female left valve, 
MG1106. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherelloidea fossaespirata sp. nov., paratype, adult female right valve, 
MG1107. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherelloidea fossaespirata sp. nov., paratype, adult male right valve, 
MG1108. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 10, 45-50cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherelloidea fossaespirata sp. nov., topotype, juvenile female right valve, 
MG1109. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 8, 35-40cm, >150μm, Late Maastrichtian. 
 
Fig. 10.  Cytherelloidea fossaespirata sp. nov., topotype, juvenile male right valve, 
MG1110. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 8, 35-40cm, >150μm, Late Maastrichtian. 
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Explanation of Plate 6 
 
Fig. 1.    Cytherelloidea punctaspirata sp. nov., paratype, finely punctate variant, 
damaged adult female left valve, M0911. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 2, 5-10cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Cytherelloidea fossaespirata sp. nov., paratype, adult male left valve posterior, 
MG1111. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 12, 55-60cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Cytherelloidea fossaespirata sp. nov., paratype, finely punctate variant, adult 
female right valve, MG1113. External lateral view. Giralia Anticline, KG-1 outcrop, 
Miria Formation, Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherelloidea fossaespirata sp. nov., paratype, adult female right valve 
posterior, MG1112. Internal lateral view (including brood pouches). Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherelloidea punctaspirata sp. nov., topotype, finely punctate variant, 
penultimate instar left valve, MG0912. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherelloidea punctaspirata sp. nov., topotype, finely punctate variant, 
juvenile right valve, MG0913. External lateral   view. Giralia Anticline, KG-1 outcrop, 
Miria Formation, Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherelloidea giraliaensis sp. nov., holotype, adult female right valve, 
MG1501. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 15, 70-75cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherelloidea giraliaensis sp. nov., topotype, penultimate instar left valve, 
MG1504. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Cytherelloidea sp. 1, adult female right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late 
Maastrichtian. 
 
Fig. 2.    Cytherelloidea sp. 1, adult female left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 10, 45-50cm, >150μm, Late 
Maastrichtian. 
 
Fig. 3.    Cytherelloidea giraliaensis sp. nov., paratype, adult male right valve, MG1503. 
External lateral view. Giralia Anticline, Exac-10 borehole, depth 98m, Miria Formation, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Cytherelloidea giraliaensis sp. nov., paratype, adult male left valve, MG1502. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-
15cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Cytherelloidea giraliaensis sp. nov., topotype, penultimate instar right valve, 
MG1505. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherelloidea giraliaensis sp. nov., paratype, adult male left valve, MG1502. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-
15cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherelloidea costainterrupta sp. nov., holotype, adult right valve, MG1601. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-
15cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherelloidea costainterrupta sp. nov., paratype, adult right valve, MG1602. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 10, 45-
50cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherelloidea costainterrupta sp. nov., paratype, adult left valve posterior, 
MG1603. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 20, 95-100cm, >150μm, Late Maastrichtian. 
 
Fig. 10.  Cytherelloidea costainterrupta sp. nov., paratype, adult right valve, MG1602. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 10, 45-
50cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Cytherelloidea cobberi Bate, 1972, adult right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 20, 95-100cm, >150μm, Late 
Maastrichtian. 
 
Fig. 2.    Cytherelloidea cobberi Bate, 1972, penultimate instar carapace. Lateral view 
from left. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, 
>150μm, Late Maastrichtian. 
   
Fig. 3.    Cytherelloidea cobberi Bate, 1972, adult right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 8, 35-40cm, >150μm, Late 
Maastrichtian. 
 
Fig. 4.    Cytherelloidea cobberi Bate, 1972, penultimate instar left valve. Internal lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, >150μm, 
Late Maastrichtian. 
 
Fig. 5.    Cytherelloidea cobberi Bate, 1972, adult right valve. Internal lateral view 
(including muscle scar pattern). Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 20, 95-100cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cytherelloidea sp. 2, damaged adult left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Cytherelloidea sp. 2, penultimate instar right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
 
Fig. 8.    Cytherelloidea sp. 2, juvenile left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, >150μm, Late 
Maastrichtian. 
 
Fig. 9.    Cytherelloidea sp. 2, damaged juvenile left valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late 
Maastrichtian. 
 
Fig. 10.   Cytherelloidea sp. 2, penultimate instar right valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Platella sp., damaged adult female right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, > 150μm, Late 
Maastrichtian. 
 
Fig. 2.    Platella sp., damaged adult male left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, > 150μm, Late 
Maastrichtian. 
 
Fig. 3.    Platella sp., damaged adult male right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, > 150μm, Late 
Maastrichtian. 
 
Fig. 4.    Platella sp., damaged juvenile left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 29, 140-145cm, > 150μm, Late 
Maastrichtian. 
 
Fig. 5.    Platella sp., damaged adult male left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 15, 70-75cm, > 150μm, Late 
Maastrichtian. 
 
Fig. 6.    Cytherella sp. 1, right valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 13, 60-65cm, > 150μm, Late Maastrichtian. 
 
Fig. 7.    Cytherella sp. 1, left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 2, 5-10cm, > 150μm, Late Maastrichtian. 
 
Fig. 8.    Cytherella alatapunctata sp. nov., holotype, adult right valve, MG0201. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 20, 95-
100cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Cytherella alatapunctata sp. nov., paratype, damaged adult left valve, 
MG0202. External lateral view (including muscle scar pattern). Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Cytherella alatapunctata sp. nov., topotype, penultimate instar right valve, 
MG0203. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 29, 140-145cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Maddocksella sp. 1, left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Maddocksella sp. 1, carapace. Lateral view from right. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 7, 30-35cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Maddocksella sp. 1, right valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 23, 110-115cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Maddocksella sp. 1, left valve. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Bythocypris sp., juvenile right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Bythocypris sp., adult right valve with broken posterior. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Bythocypris sp., juvenile carapace. Lateral view from right. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 8, 35-40cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Macromckenziea australiana (Neale, 1975), adult left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, 
Late Maastrichtian. 
 
Fig. 9.    Macrocyprina sp., carapace. Lateral view from left. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 27, 130-135cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Macromckenziea australiana (Neale, 1975), juvenile left valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, 
>150μm, Late Maastrichtian. 
 
Fig. 11.   Macromckenziea australiana (Neale, 1975), adult carapace. Lateral view from 
right. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, 
>150μm, Late Maastrichtian. 
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Fig. 1.    Propontocypris sp., juvenile carapace. Lateral view from left. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Propontocypris sp., juvenile carapace. Lateral view from right. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, Late 
Maastrichtian. 
 
Fig. 3.    Maddocksella sp. 2, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Maddocksella sp. 2, adult carapace. Lateral view from right. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 22, 105-110cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Maddocksella sp. 2, adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 10, 45-50cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Maddocksella sp. 2, adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 6, 25-30cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Australoecia sp. 2, juvenile right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Maddocksella sp. 3, juvenile left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Australoecia sp. 1, juvenile right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Maddocksella sp. 3, juvenile right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Australoecia sp. 1, juvenile carapace. Lateral view from right. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late 
Maastrichtian. 
 
Fig. 2.    Australoecia sp. 1, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 14, 65-70cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Australoecia sp. 1, adult left valve. Internal lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 2, 5-10cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Australoecia sp. 2, juvenile left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 28, 135-140cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Australoecia sp. 2, adult left valve. Internal lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Australoecia sp. 2, adult carapace. Lateral view from right. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Argilloecia ex. gr. australomiocenica Whatley & Downing, 1983, adult left 
valve. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 
1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Argilloecia ex. gr. australomiocenica Whatley & Downing, 1983, adult right 
valve. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 
9, 40-45cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Copytus sp., carapace. Lateral view from right. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Cytheroma sp., adult carapace. Lateral view from right. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 11.   Cytheroma sp., adult right valve. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 10, 45-50cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Paracypris eocuneata (Hornibrook, 1953), posterior of a right valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 27, 130-135cm, 
>150μm, Late Maastrichtian. 
 
Fig. 2.    Paracypris eocuneata (Hornibrook, 1953), posterior of a left valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, 
>150μm, Late Maastrichtian. 
 
Fig. 3.    Paracypris eocuneata (Hornibrook, 1953), juvenile carapace. Lateral view 
from right. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 12, 55-60cm, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Paracypris eocuneata (Hornibrook, 1953), juvenile left valve. Internal lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 8, 35-40cm, >150μm, 
Late Maastrichtian. 
 
Fig. 5.    Paracypris eocuneata (Hornibrook, 1953), juvenile left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, 
Late Maastrichtian. 
 
Fig. 6.    Paracypris eocuneata (Hornibrook, 1953), juvenile right valve. Internal lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 10, 45-50cm, >150μm, 
Late Maastrichtian. 
 
Fig. 7.    Apateloschizocythere geniculata Bate, 1972, female right valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, 
>150μm, Late Maastrichtian. 
 
Fig. 8.    Apateloschizocythere geniculata Bate, 1972, female left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 26, 125-130cm, 
>150μm, Late Maastrichtian. 
 
Fig. 9.    Apateloschizocythere geniculata Bate, 1972, male right valve with damaged 
caudal process. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 24, 115-120cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Apateloschizocythere geniculata Bate, 1972, male left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 26, 125-130cm, 
>150μm, Late Maastrichtian. 
 
Fig. 11.   Apateloschizocythere geniculata Bate, 1972, female carapace. Lateral view 
from right. Kangaroo Trough, Zeewulf-1, Miria Formation Equivalent, SWC-72, 
1835m, >125μm, Late Maastrichtian. 
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Fig. 1.    Loxocythere (Loxocythere) tripromontoria sp. nov., paratype, adult carapace, 
MG3902. Lateral view from right. UWA Cardabia stratigraphic hole, Korojon 
Calcarenite, Sample MF/CRB/6, depth 53.86m, > 150μm, Early Maastrichtian. 
 
Fig. 2.    Loxocythere (Loxocythere) tripromontoria sp. nov., holotype, adult left valve, 
MG3901. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Loxocythere (Loxocythere) tripromontoria sp. nov., holotype, adult left valve, 
MG3901. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Debissonia hornibrooki Ayress, 2003, juvenile right valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 5, 20-25cm, >150μm, 
Late Maastrichtian. 
 
Fig. 5.    Majungaella annula Bate, 1972, adult right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late 
Maastrichtian. 
 
Fig. 6.    Collisarboris fimbriae sp. nov., paratype, adult right valve, MG1402. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, 
>150μm, Late Maastrichtian. 
 
Fig. 7.    Collisarboris fimbriae sp. nov., holotype, adult left valve, MG1401. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, 
>150μm, Late Maastrichtian. 
 
Fig. 8.    Collisarboris fimbriae sp. nov., paratype, adult carapace, MG1403. Close up of 
the eye region. Lateral view from right. Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Collisarboris fimbriae sp. nov., paratype, adult left valve, MG1404. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 28, 135-140cm, 
>150μm, Late Maastrichtian. 
 
Fig. 10.   Collisarboris fimbriae sp. nov., paratype, adult right valve, MG1405. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 28, 135-140cm, 
>150μm, Late Maastrichtian. 
 
 
 325 
 
 326
Explanation of Plate 15 
 
Fig. 1.    Collisarboris fimbriae sp. nov., paratype, adult left valve, MG1404. Close up 
of the hinge elements. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 28, 135-140cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Collisarboris fimbriae sp. nov., paratype, adult right valve, MG1405. Close up 
of the hinge elements. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 28, 135-140cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Collisarboris fimbriae sp. nov., topotype, juvenile right valve, MG1406. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-
5cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Collisarboris fimbriae sp. nov., topotype, juvenile left valve, MG1407. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 6, 25-
30cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Collisarboris fimbriae sp. nov., paratype, adult carapace, MG1403. Lateral 
view from right. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, 
>150μm, Late Maastrichtian. 
 
Fig. 6.    Paramunseyella sp. 1, adult carapace. Lateral view from right. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Paramunseyella sp. 1, adult right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late 
Maastrichtian. 
 
Fig. 8.    Paramunseyella sp. 1, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Paramunseyella sp. 1, adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 6, 25-30cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Paramunseyella sp. 1, adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Paramunseyella sp. 2, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Paramunseyella sp. 3, adult carapace. Lateral view from right. Kangaroo 
Trough, Zeewulf-1, Miria Formation Equivalent, SWC-71, 1844m, >125μm, Late 
Maastrichtian. 
 
Fig. 3.    Paramunseyella sp. 3, penultimate instar carapace. Lateral view from left. 
Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-86, 1935m, >75μm, 
Late Maastrichtian. 
 
Fig. 4.    Paramunseyella sp. 3, juvenile carapace. Lateral view from right. Exmouth 
Plateau, Eendracht-1, Miria Formation Equivalent, SWC-85, 1943m, >75μm, Late 
Maastrichtian. 
 
Fig. 5.    Paramunseyella exmouthensis Damotte, 1992, adult right valve. External 
lateral view. Kangaroo Trough, Zeewulf-1, Miria Formation Equivalent, SWC-72, 
1835m, >125μm, Late Maastrichtian. 
 
Fig. 6.    Paramunseyella exmouthensis Damotte, 1992, adult left valve. External lateral 
view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-85, 1943m, 
>75μm, Late Maastrichtian. 
 
Fig. 7.    Paramunseyella exmouthensis Damotte, 1992, adult right valve. Internal lateral 
view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-85, 1943m, 
>75μm, Late Maastrichtian. 
 
Fig. 8.    Paramunseyella exmouthensis Damotte, 1992, adult left valve. Internal lateral 
view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-86, 1935m, 
>75μm, Late Maastrichtian. 
 
Fig. 9.    Paramunseyella sp. 4, adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Paramunseyella sp. 4, adult right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Paramunseyella sp. 5, adult right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late 
Maastrichtian. 
 
Fig. 2.    Paramunseyella sp. 5, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Premunseyella sp. 1, adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Premunseyella sp. 1, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Premunseyella sp. 1, adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Premunseyella sp. 1, adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Premunseyella sp. 1, adult carapace. Lateral view from right. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Premunseyella sp. 2, carapace. Lateral view from right. Exmouth Plateau, 
Eendracht-1, Miria Formation Equivalent, SWC-85, 1943m, >75μm, Late Maastrichtian. 
 
Fig. 9.    Munseyella sp. 1, juvenile carapace. Lateral view from right. Exmouth Plateau, 
Eendracht-1, Miria Formation Equivalent, SWC-87, 1926.9m, >75μm, Late 
Maastrichtian. 
 
Fig. 10.   Munseyella sp. 2, juvenile left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 11.   Munseyella sp. 3, juvenile carapace. Lateral view from right. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Ginginella sp., juvenile carapace. Lateral view from right. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 14, 65-70cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Ginginella sp., juvenile carapace. Lateral view from left. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 15, 70-75cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Genus A sp., right valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Genus A sp., right valve. Internal lateral view. Giralia Anticline, KG-1 outcrop, 
Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Munseyella sp. 4, adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Munseyella sp. 4, adult left valve. External lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 2, 5-10cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Munseyella sp. 4, adult right valve. Internal lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Munseyella sp. 4, adult left valve. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Vandiemencythere ayressi sp. nov., holotype, adult right valve, MG4201. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 2, 5-
10cm, >150μm, Late Maastrichtian. 
 
Fig. 10.  Vandiemencythere ayressi sp. nov., paratype, adult left valve, MG4202. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 5, 20-
25cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Debissonia alata sp. nov., holotype, adult left valve, MG5901. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, 
Late Maastrichtian. 
 
Fig. 2.    Debissonia alata sp. nov., topotype, penultimate instar carapace, MG5902. 
Dorsal view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 8, 35-40cm, 
>150μm, Late Maastrichtian. 
 
Fig. 3.    Debissonia alata sp. nov., paratype, adult left valve, MG5903. External lateral 
view. UWA Cardabia stratigraphic hole, Miria Formation, Sample MF/CRB/2 at depth 
of 53.40m, > 150μm, Late Maastrichtian. 
 
Fig. 4.    Debissonia alata sp. nov., paratype, adult right valve, MG5904. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 28, 135-140cm, 
>150μm, Late Maastrichtian. 
 
Fig. 5.    Debissonia alata sp. nov., holotype, adult left valve, MG5901. Internal lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, 
Late Maastrichtian. 
 
Fig. 6.    Debissonia alata sp. nov., paratype, adult right valve, MG5905. Internal lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, 
Late Maastrichtian. 
 
Fig. 7.    Debissonia alata sp. nov., topotype, juvenile left valve, MG5906. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 22, 105-110cm, 
>150μm, Late Maastrichtian. 
 
Fig. 8.    Debissonia alata sp. nov., topotype, juvenile right valve, MG5907. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, 
>150μm, Late Maastrichtian. 
 
Fig. 9.    Debissonia papillata sp. nov., paratype, adult right valve, MG6002. External 
lateral view. UWA Cardabia stratigraphic hole, Miria Formation, Sample MF/CRB/2 at 
depth of 53.40m, > 150μm, Late Maastrichtian. 
 
Fig. 10.   Debissonia papillata sp. nov., holotype, adult left valve, MG6001. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, 
>150μm, Late Maastrichtian. 
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Fig. 1.    Debissonia papillata sp. nov., paratype, adult right valve, MG6002. Internal 
lateral view. UWA Cardabia stratigraphic hole, Miria Formation, Sample MF/CRB/2 at 
depth of 53.40m, > 150μm, Late Maastrichtian. 
 
Fig. 2.    Debissonia papillata sp. nov., topotype, penultimate instar right valve, 
MG6003. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Debissonia papillata sp. nov., holotype, adult left valve, MG6001. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Debissonia papillata sp. nov., topotype, juvenile left valve, MG6004. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, 
>150μm, Late Maastrichtian. 
 
Fig. 5.    Debissonia papillata sp. nov., topotype, juvenile right valve, MG6005. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-
85cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Debissonia papillata sp. nov., topotype, juvenile left valve, MG6006. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, 
>150μm, Late Maastrichtian. 
 
Fig. 7.   Ruggieriella cf. decemcostata Colalongo & Pasini, 1980, right valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, 
>150μm, Late Maastrichtian. 
 
Fig. 8.    Vitjasiella sp., juvenile right valve with damaged posterior. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, 
>150μm, Late Maastrichtian. 
 
Fig. 9.    Pseudocythere sp., left valve with damaged posterior. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late 
Maastrichtian. 
 
Fig. 10.   Pariceratina trispinosa (Neale, 1975), juvenile right valve with damaged 
anterior and broken postero-ventral spine. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 15, 70-75cm, >150μm, Late Maastrichtian. 
 
Fig. 11.    Pseudocythere sp., right valve with damaged posterior. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Bythocythere sp., adult left valve with damaged posterior and dorsal margin. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 
110-115cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Bythocythere sp., juvenile left valve with damaged posterior. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, 
>150μm, Late Maastrichtian. 
 
Fig. 3.    Retibythere (Retibythere) carnarvonensis sp. nov., holotype, adult left valve, 
MG6401. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Retibythere (Retibythere) carnarvonensis sp. nov., paratype, adult right valve, 
MG6402. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 17, 80-85cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Retibythere (Retibythere) carnarvonensis sp. nov., paratype, adult left valve, 
MG6403. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Retibythere (Retibythere) carnarvonensis sp. nov., paratype, adult right valve, 
NG6404. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Retibythere (Retibythere) giraliaensis sp. nov., holotype, adult left valve, 
MG6501. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 17, 80-85cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Retibythere (Retibythere) giraliaensis sp. nov., paratype, adult right valve, 
MG6502. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 23, 110-115cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Retibythere (Retibythere) giraliaensis sp. nov., paratype, adult left valve, 
MG6503. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 30, 145-150cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Retibythere (Retibythere) giraliaensis sp. nov., paratype, damaged adult right 
valve, MG6504. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Profundobythere sp. 1, adult right valve with damaged caudal process. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 22, 105-110cm, 
>150μm, Late Maastrichtian. 
 
Fig. 2.    Profundobythere sp. 2, adult right valve. External lateral view. UWA Cardabia 
stratigraphic hole, Miria Formation, Sample MF/CRB/2 at depth of 53.40m, > 150μm, 
Late Maastrichtian. 
 
Fig. 3.    Profundobythere sp. 2, adult right valve with damaged caudal process. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Profundobythere sp. 2, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Profundobythere sp. 2, adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Collisarboris sp., adult left valve. External lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Collisarboris sp., adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Collisarboris sp., penultimate instar left valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late 
Maastrichtian. 
 
Fig. 9.    Collisarboris sp., penultimate instar right valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late 
Maastrichtian. 
 
Fig. 10.   Eucythere sp., juvenile left valve. External lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 11.    Rotundracythere sp., left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 24, 115-120cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Hemiparacytheridea hemingwayi Neale, 1975, adult male right valve. External 
lateral view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-86, 
1935m, >75μm, Late Maastrichtian. 
 
Fig. 2.    Hemiparacytheridea hemingwayi Neale, 1975, adult female right valve with 
damaged posterior. Internal lateral view. Exmouth Plateau, Eendracht-1, Miria 
Formation Equivalent, SWC-86, 1935m, >75μm, Late Maastrichtian. 
 
Fig. 3.    Hemiparacytheridea hemingwayi Neale, 1975, adult female right valve with 
damaged posterior. External lateral view. Exmouth Plateau, Eendracht-1, Miria 
Formation Equivalent, SWC-87, 1926.9m, >75μm, Late Maastrichtian. 
 
Fig. 4.    Eucytherura cameloides McKenzie, Reyment & Reyment, 1993, adult female 
right valve. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 24, 115-120cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Eucytherura cameloides McKenzie, Reyment & Reyment, 1993, adult female 
left valve. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 30, 145-150cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Eucytherura cf. antipodum Neale, 1975, adult left valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 29, 140-145cm, >150μm, 
Late Maastrichtian. 
 
Fig. 7.    Eucytherura cameloides McKenzie, Reyment & Reyment, 1993, adult male left 
valve. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 
1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Eucytherura cameloides McKenzie, Reyment & Reyment, 1993, adult male 
right valve. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Eucytherura fissipunctata Neale, 1975, adult right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 26, 125-130cm, >150μm, 
Late Maastrichtian. 
 
Fig. 10.   Eucytherura fissipunctata Neale, 1975, adult right valve with damaged 
anterior margin. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Eucytherura sp., juvenile right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Parahemingwayella ginginensis Boomer & Whittaker, 1994, adult right valve. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 15, 70-
75cm, >150μm, Late Maastrichtian. 
  
Fig. 3.    Parahemingwayella ginginensis Boomer & Whittaker, 1994, adult left valve. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 20, 95-
100cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Parahemingwayella ginginensis Boomer & Whittaker, 1994, penultimate instar 
left valve. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 22, 105-110cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Parahemingwayella ginginensis Boomer & Whittaker, 1994, adult left valve. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-
85cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Parahemingwayella ginginensis Boomer & Whittaker, 1994, adult right valve. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-
85cm, >150μm, Late Maastrichtian. 
 
Fig. 7.     Hemingwayella sp., adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 8.     Hemingwayella sp., adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 5, 20-25cm, >150μm, Late Maastrichtian. 
 
Fig. 9.     Hemingwayella sp., adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 10.    Hemingwayella sp., adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Hemicytherura sp., adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 24, 115-120cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Pedicythere sp. 1, left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Pedicythere sp. 2, right valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Pedicythere sp. 2, left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Aversovalva sp., adult right valve. External lateral view. Giralia Anticline, KG-
1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Aversovalva sp., adult left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 16, 75-80cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Aversovalva sp., close up of adult right valve wing tip and caudal process. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-
5cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Aversovalva sp., close up of adult left valve wing tip and caudal process. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 19, 90-
95cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Aversovalva sp., adult right valve. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Aversovalva sp., adult left valve. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Aversovalva cf. cooperi Mckenzie, Reyment & Reyment, 1991, adult right 
valve. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 
26, 125-130cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Aversovalva cf. cooperi Mckenzie, Reyment & Reyment, 1991, close up of 
adult right valve wing tip and caudal process. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 26, 125-130cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Aversovalva cf. cooperi Mckenzie, Reyment & Reyment, 1991, adult right 
valve with damaged caudal process. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Oculocytheropteron praenuntatum Bate, 1972, adult left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, 
Late Maastrichtian. 
 
Fig. 5.    Oculocytheropteron praenuntatum Bate, 1972, adult right valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 5, 20-25cm, 
>150μm, Late Maastrichtian. 
 
Fig. 6.    Oculocytheropteron praenuntatum Bate, 1972, penultimate instar left valve. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-
105cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Oculocytheropteron praenuntatum Bate, 1972, adult right valve. Internal lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 5, 20-25cm, >150μm, 
Late Maastrichtian. 
 
Fig. 8.    Oculocytheropteron praenuntatum Bate, 1972, close up of penultimate instar 
left valve hinge elements and eye pit. Internal lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Oculocytheropteron praenuntatum Bate, 1972, juvenile left valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, 
>150μm, Late Maastrichtian. 
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Fig. 1.    Pelecocythere sp. 1, adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 10, 45-50cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Pelecocythere sp. 1, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 4, 15-20cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Pelecocythere sp. 1, adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Pelecocythere sp. 1, adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Pelecocythere sp. 1, juvenile left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Pelecocythere sp. 1, penultimate instar left valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Pelecocythere sp. 2, adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 6, 25-30cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Pelecocythere sp. 2, adult left valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Pelecocythere sp. 2, adult right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Pelecocythere sp. 2, adult left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Pelecocythere sp. 2, adult carapace. Dorsal view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Pelecocythere sp. 2, adult carapace. Ventral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Pelecocythere sp. 2, penultimate right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late 
Maastrichtian. 
 
Fig. 4.    Xestoleberis sp. 1, adult male left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, Late 
Maastrichtian. 
 
Fig. 5.    Xestoleberis sp. 1, adult male right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 30, 145-150cm, >150μm, Late 
Maastrichtian. 
 
Fig. 6.    Xestoleberis sp. 1, adult male left valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Xestoleberis sp. 1, adult female right valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, Late 
Maastrichtian. 
 
Fig. 8.    Xestoleberis sp. 1, adult female carapace. Dorsal view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 27, 130-135cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Xestoleberis sp. 1, adult male carapace. Ventral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Uroleberis (Laceouroleberis) sp., adult right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 29, 140-145cm, >150μm, 
Late Maastrichtian. 
 
Fig. 2.    Xestoleberis sp. 2, adult right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 27, 130-135cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Uroleberis (Laceouroleberis) sp., adult left valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late 
Maastrichtian. 
 
Fig. 4.    Xestoleberis sp. 2, juvenile right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 16, 75-80cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Uroleberis (Laceouroleberis) sp., adult carapace. Dorsal view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late 
Maastrichtian. 
 
Fig. 6.    Xestoleberis sp. 2, adult carapace. Ventral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Agulhasina quadrata Dingle, 1971, adult female left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, 
>150μm, Late Maastrichtian. 
 
Fig. 8.    Agulhasina quadrata Dingle, 1971, juvenile right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, >150μm, 
Late Maastrichtian. 
 
Fig. 9.    Agulhasina quadrata Dingle, 1971, adult female right valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, 
Late Maastrichtian. 
 
Fig. 10.   Agulhasina quadrata Dingle, 1971, male right valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 10, 45-50cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Dutoitella crassinodosa (Guernet, 1985), broken adult right valve. External 
lateral view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-88, 
1919m, >75μm, Late Maastrichtian. 
 
Fig. 2.    Dutoitella sp., adult left valve with damaged posterior. External lateral view. 
Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-88, 1919m, >75μm, 
Late Maastrichtian. 
 
Fig. 3.    Dutoitella crassinodosa (Guernet, 1985), adult right valve. External lateral 
view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-88, 1919m, 
>75μm, Late Maastrichtian. 
 
Fig. 4.    Oertliella exquisita Bate, 1972, adult female carapace. Lateral view from right. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late 
Maastrichtian. 
 
Fig. 5.    Oertliella exquisita Bate, 1972, adult female right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 20, 95-100cm, >150μm, Late 
Maastrichtian. 
 
Fig. 6.    Oertliella exquisita Bate, 1972, juvenile right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 2, 5-10cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Oertliella exquisita Bate, 1972, adult male left valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 15, 70-75cm, >150μm, Late 
Maastrichtian. 
 
Fig. 8.    Oertliella exquisita Bate, 1972, penultimate instar left valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 7, 30-35cm, >150μm, 
Late Maastrichtian. 
 
Fig. 9.    Oertliella exquisita Bate, 1972, adult male right valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, >150μm, Late 
Maastrichtian. 
 
Fig. 10.   Oertliella exquisita Bate, 1972, adult male left valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 18, 85-90cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Henryhowella sp., fragment of a left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 20, 95-100cm, >150μm, Late 
Maastrichtian. 
 
Fig. 2.    Scepticocythereis ornata Bate, 1972, adult male right valve. External lateral 
view. Kangaroo Trough, Zeewulf-1, Miria Formation Equivalent, SWC-71, 1844m, 
>125μm, Late Maastrichtian. 
 
Fig. 3.    Glencoeleberis jellineki sp. nov., paratype, adult left valve, MG9602. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Glencoeleberis jellineki sp. nov., holotype, adult left valve, MG9601. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 6, 25-30cm, 
>150μm, Late Maastrichtian. 
 
Fig. 5.    Glencoeleberis jellineki sp. nov., paratype, adult left valve, MG9603. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 4, 15-20cm, 
>150μm, Late Maastrichtian. 
 
Fig. 6.    Glencoeleberis jellineki sp. nov., paratype, adult right valve, MG9604. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, 
>150μm, Late Maastrichtian. 
 
Fig. 7.    Glencoeleberis jellineki sp. nov., holotype, adult left valve, MG9601. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 6, 25-30cm, 
>150μm, Late Maastrichtian. 
 
Fig. 8.    Glencoeleberis jellineki sp. nov., topotype, penultimate instar right valve, 
MG9605. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 2, 5-10cm, >150μm, Late Maastrichtian. 
 
Fig. 9.   Glencoeleberis jellineki sp. nov., topotype, penultimate instar left valve, 
MG9606. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Glencoeleberis sp., penultimate instar left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late 
Maastrichtian. 
 
Fig. 2.    Glencoeleberis sp., penultimate instar right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, >150μm, Late 
Maastrichtian. 
 
Fig. 3.    Glencoeleberis sp., juvenile right valve. Internal lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 8, 35-40cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Glencoeleberis sp., juvenile right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late 
Maastrichtian. 
 
Fig. 5.    Anebocythereis amoena Bate, 1972, juvenile left valve with damaged ventral 
margin and posterior. External lateral view. Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 3, 10-15cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Toolongella cf. mimica Bate, 1972, adult carapace. Dorsal view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 19, 90-95cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Toolongella cf. mimica Bate, 1972, adult left valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 21, 100-105cm, >150μm, 
Late Maastrichtian. 
 
Fig. 8.    Toolongella cf. mimica Bate, 1972, adult right valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 15, 70-75cm, >150μm, Late 
Maastrichtian. 
 
Fig. 9.    Toolongella cf. mimica Bate, 1972, adult left valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late 
Maastrichtian. 
 
Fig. 10.   Toolongella cf. mimica Bate, 1972, adult right valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
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Fig. 1.    Toolongella batei sp. nov., holotype,  adult left valve, MG10001. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, 
>150μm, Late Maastrichtian. 
 
Fig. 2.    Toolongella batei sp. nov., topotype, penultimate instar right valve, MG10003. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-
45cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Toolongella batei sp. nov., paratype,  adult left valve, MG10002. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Philoneptunus aspericava (Bate, 1972), adult female right valve. External 
lateral view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-88, 
1919m, >75μm, Late Maastrichtian. 
 
Fig. 5.    Philoneptunus aspericava (Bate, 1972), juvenile carapace. Lateral view from 
right. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-88, 1919m, 
>75μm, Late Maastrichtian. 
 
Fig. 6.    Philoneptunus sp., adult female left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, >150μm, Late 
Maastrichtian. 
 
Fig. 7.    Philoneptunus sp., adult female right valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
 
Fig. 8.    Philoneptunus sp., adult male left valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late 
Maastrichtian. 
 
Fig. 9.    Philoneptunus sp., adult male right valve. External lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
 
Fig. 10.   Philoneptunus sp., adult female left valve. Internal lateral view. Giralia 
Anticline, KG-1 outcrop, Miria Formation, Sample 13, 60-65cm, >150μm, Late 
Maastrichtian. 
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Explanation of Plate 34 
 
Fig. 1.    Philoneptunus sp., juvenile right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 6, 25-30cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Hermanites sp., juvenile right valve. External lateral view. Giralia Anticline, 
KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Alatapacifica sp. 1, adult left valve with damaged anterior margin. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, 
>150μm, Late Maastrichtian. 
 
Fig. 4.    Hermanites sp., adult right valve. External lateral view. UWA Cardabia 
stratigraphic hole, Miria Formation, Sample MF/CRB/2 at depth of 53.40m, > 150μm, 
Late Maastrichtian. 
 
Fig. 5.    Alatapacifica sp. 1, adult left valve with damaged anterior margin. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, 
>150μm, Late Maastrichtian. 
 
Fig. 6.    Alatapacifica mesoreticulata sp. nov., topotype, penultimate instar left valve, 
MG10602. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 11, 50-55cm, >150μm, Late Maastrichtian. 
 
Fig. 7.    Alatapacifica mesoreticulata sp. nov., holotype, adult female right valve, 
MG10601. External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 7, 30-35cm, >150μm, Late Maastrichtian. 
 
Fig. 8.    Alatapacifica mesoreticulata sp. nov., paratype, adult female left valve, 
MG10603. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 1, 0-5cm, >150μm, Late Maastrichtian. 
 
Fig. 9.    Alatapacifica mesoreticulata sp. nov., paratype, adult male right valve, 
MG10604. Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, 
Sample 6, 25-30cm, >150μm, Late Maastrichtian. 
 
Fig. 10.   Alatapacifica mesoreticulata sp. nov., topotype, penultimate instar carapace, 
MG10605. Dorsal view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 5, 
20-25cm, >150μm, Late Maastrichtian. 
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Fig. 1.    Cletocythereis trifolium sp. nov., holotype, adult female right valve, MG10301. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 6, 25-
30cm, >150μm, Late Maastrichtian. 
 
Fig. 2.    Cletocythereis trifolium sp. nov., paratype, adult male left valve, MG10302. 
External lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 12, 55-
60cm, >150μm, Late Maastrichtian. 
 
Fig. 3.    Cletocythereis trifolium sp. nov., paratype, adult female right valve, MG10303. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 6, 25-
30cm, >150μm, Late Maastrichtian. 
 
Fig. 4.    Cletocythereis trifolium sp. nov., paratype, adult female left valve, MG10304. 
Internal lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 18, 85-
90cm, >150μm, Late Maastrichtian. 
 
Fig. 5.    Cletocythereis trifolium sp. nov., paratype, adult female carapace, MG10305. 
Ventral view and lateral view from right. Giralia Anticline, KG-1 outcrop, Miria 
Formation, Sample 23, 110-115cm, >150μm, Late Maastrichtian. 
 
Fig. 6.    Cletocythereis trifolium sp. nov., paratype, adult female carapace, MG10306. 
Dorsal view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 23, 110-115cm, 
>150μm, Late Maastrichtian. 
 
Fig. 7.    Alatapacifica sp. 2, abraded juvenile carapace. Ventral view and lateral view 
from left. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, 
Late Maastrichtian. 
 
Fig. 8.    Loxocythere (Loxocythere) imitata (Bate, 1972), adult left valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 15, 70-75cm, 
>150μm, Late Maastrichtian. 
 
Fig. 9.    Loxocythere (Loxocythere) imitata (Bate, 1972), adult right valve. External 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 15, 70-75cm, 
>150μm, Late Maastrichtian. 
 
Fig. 10.   Loxocythere (Loxocythere) imitata (Bate, 1972), adult left valve. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 17, 80-85cm, 
>150μm, Late Maastrichtian. 
 
Fig. 11.   Loxocythere (Loxocythere) imitata (Bate, 1972), adult right valve. Internal 
lateral view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 25, 120-125cm, 
>150μm, Late Maastrichtian. 
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Fig. 1.    Neonesidea ex. gr. australis (Chapman, 1914), right valve. External lateral 
view. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 12, 55-60cm, >150μm, 
Late Maastrichtian. 
 
Fig. 2.    Neonesidea ex. gr. australis (Chapman, 1914), left valve. External lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 1, 0-5cm, >150μm, Late 
Maastrichtian. 
 
Fig. 3.    Neonesidea ex. gr. australis (Chapman, 1914), left valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 11, 50-55cm, >150μm, Late 
Maastrichtian. 
 
Fig. 4.    Neonesidea ex. gr. australis (Chapman, 1914), right valve. Internal lateral view. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 9, 40-45cm, >150μm, Late 
Maastrichtian. 
 
Fig. 5.    Neonesidea ex. gr. australis (Chapman, 1914), carapace. Lateral view from right. 
Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 2, 5-10cm, >150μm, Late 
Maastrichtian. 
 
Fig. 6.    Neonesidea ex. gr. australis (Chapman, 1914), juvenile carapace. Lateral view 
from right. Giralia Anticline, KG-1 outcrop, Miria Formation, Sample 28, 135-140cm, 
>150μm, Late Maastrichtian. 
 
Fig. 7.    Paijenborchella (Paijenborchella) sp., ferruginised right valve. External lateral 
view. Exmouth Plateau, Eendracht-1, Miria Formation Equivalent, SWC-90, 1906m, 
Late Maastrichtian. 
 
Fig. 8.    Hemicytheridea sp., left valve. External lateral view. Giralia Anticline, KG-1 
outcrop, Miria Formation, Sample 23, 110-115cm, >150μm, Late Maastrichtian. 
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Appendix 
 
Late Maastrichtian Biostratigraphy and Ostracod 
Distribution of the Carnarvon Basin 
 
Introduction 
 
This appendix outlines the lithology, biostratigraphy, events and fossils of the Upper 
Maastrichtian Miria Formation from the Southern Carnarvon Basin and its offshore 
equivalents in the Northern Carnarvon Basin. 
 
The author has reinterpreted the available calcareous nannofossil and planktonic 
foraminiferal data in order to identify the calcareous nannofossil zones of Burnett (1998) 
and the composite calcareous microfossil zones of Howe et al. (2003). The occurrence 
of Tethyan, Transitional and Austral species has also been plotted in order to identify 
any climatic and oceanographic changes. 
 
For the Carnarvon Basin and surrounding areas, there have been numerous published 
studies on the calcareous nannofossils and foraminifera (Table A1 and A2, respectively), 
in addition to the unpublished well reports by petroleum industry consultants. This is 
due to the fact that these microfossil groups are used extensively for biostratigraphy and 
palaeoenvironmental analysis. 
 
Wharton 
Basin 
Argo, 
Gascoyne, 
Cuvier, Perth 
Abyssal Plains 
Exmouth 
& 
Wombat 
Plateaus 
Naturaliste 
Plateau 
Northern 
Bonaparte 
Basin 
Rowley 
Terrace 
Carnarvon 
Basin 
Perth 
Basin 
Eromanga 
Basin 
Thierstein 
(1974), 
Bukry 
(1974b), 
Tantawy 
et al. 
(2009) 
Proto Decima 
(1974), 
Bukry (1974a), 
Mutterlose 
(1992), 
Moran (1992) 
Bralower 
& Siesser 
(1992), 
Lees 
(2002) 
Thierstein 
(1974), 
Bukry 
(1974b), 
Watkins et 
al. 1996) 
Shafik 
(1990; 
1996), 
Campbell 
et al. 
(2002), 
Campbell 
(2003), 
Howe et al. 
(2003) 
Shafik 
(1994) 
Rexilius 
(1984), 
Copp 
(1987), 
Lynch 
(1988; 
1991), 
Shafik 
(1990; 
1993), 
Haig et al. 
(1996), 
Howe 
(1999), 
Howe et al. 
(2000), 
Campbell et 
al. (2002), 
Dixon et al. 
(2003a), 
Howe et al. 
(2003), 
Haig et al. 
(2004) 
Rexilius 
(1984), 
Shafik 
(1978; 
1990) 
Shafik 
(1985), 
Campbell 
& Haig 
(1999) 
 
Table A1. Previous published studies and unpublished theses on calcareous 
nannofossil assemblages from the Carnarvon Basin and surrounding areas. 
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Wharton 
Basin 
Argo, 
Gascoyne, 
Cuvier, Perth 
Abyssal Plains 
Exmouth & 
Wombat 
Plateaus 
Naturaliste 
Plateau 
Northern 
Bonaparte 
Basin 
Carnarvon 
Basin 
Perth 
Basin 
Eromanga 
Basin 
Holbourn & 
Kaminski 
(1996; 
1997), 
Tantawy et 
al. (2009) 
Krasheninnikov 
(1974a; 1974b), 
Scheibnerová 
(1974), 
Kuznetsova 
(1974), 
Bartenstein 
(1974), 
Haig (1992), 
Holbourn & 
Kaminski (1995; 
1996; 1997) 
Wonders 
(1992), 
Holbourn & 
Kaminski 
(1997), 
Zepeda 
(1998), 
Shafik (1998), 
Petrizzo 
(2000, 2002) 
Holbourn 
& 
Kaminski 
(1996; 
1997) 
Wright & 
Apthorpe 
(1976), 
Campbell et 
al. (2002), 
Campbell 
(2003), 
Howe et al. 
(2003) 
Chapman & 
Crespin (in 
Raggatt, 1936), 
Crespin (1938), 
Edgell (1954; 
1957), 
Belford (1958; 
1960; 1983a; 
1983b), 
Belford & 
Scheibnerová 
(1971), 
Wright & 
Apthorpe 
(1976), 
Apthorpe 
(1979), 
Rexilius (1984), 
Brown (1985), 
Ellis (1987), 
Grey (1986), 
Copp (1987), 
Lynch (1988; 
1991), 
McLoughlin et 
al. (1995), 
Gunson (1995), 
Haig et al. 
(1996), 
Haig (1999), 
Howe et al. 
(2000), 
Taylor & Haig 
(2001), 
Campbell et al. 
(2002), 
Mory & Dixon 
(2002a, b), 
Dixon et al. 
(2003a, b), 
Howe et al. 
(2003), 
Haig et al. 
(2004), 
Haig (2005) 
Howchin 
(1907), 
Glauert 
(1910), 
Chapman 
(1917), 
Edgell 
(1957; 
1964), 
Belford 
(1958; 
1960; 
1983a), 
Marshall 
(1979), 
Rankin 
(1987), 
Rexilius 
(1974; 
1984) 
Scheibnerová  
(1978), 
Haig (1980; 
1982), 
Haig & 
Lynch 
(1993), 
Campbell & 
Haig (1999) 
 
Table A2. Previous published studies and unpublished theses on foraminiferal 
assemblages from the Carnarvon Basin and surrounding areas. 
 
Biostratigraphy of the Onshore Sections and their Ostracod 
Distributions 
 
KG-1 Outcrop of the Giralia Anticline 
 
The distribution of calcareous microfossils, phosphate nodules and reworked 
Inoceramus fragments in KG-1 is illustrated in Table A3. The planktonic and benthonic 
foraminiferal distributions of Grey (1986) have been used to define the composite 
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calcareous microfossil zones of Howe et al. (2003), which have been broadly correlated 
to the calcareous nannofossil zones of Burnett (1998). The distribution of phosphate 
nodules and reworked Inoceramus fragments has been derived from Grey (1986) and the 
ostracod distribution from this study. 
 
The planktonic foraminifera Abathomphalus mayaroensis occurs throughout the Miria 
Formation at the KG-1 outcrop, and consequently the Miria Formation belongs to the 
lower Upper to uppermost Maastrichtian KCCM1-6d composite calcareous microfossil 
zones of Howe et al. (2003). Based on the occurrence of Contusatruncana contusa in 
Samples 22 to 1 this interval belongs to the middle Upper to uppermost Maastrichtian 
KCCM1-3 composite calcareous microfossil zones of Howe et al. (2003). This interval 
could not be refined further due lack of information on the calcareous nannofossils. 
Based on the occurrence of Abathomphalus mayaroensis without Racemiguembelina 
fructicosa in Samples 30 to 27 this interval belongs to the lower to middle Upper 
Maastrichtian KCCM5-6d composite calcareous microfossil zones of Howe et al. 
(2003). The planktonic foraminifera Racemiguembelina powelli and Pseudotextularia 
intermedia are not listed in the distribution table of Grey (1986), and there is no 
information on the calcareous nannofossils, so this interval could not be refined further. 
Grey (1986) did not study the foraminiferal content of Samples 26 to 23 and 
consequently this interval could belong to either the zone above or below, or to the 
middle Upper Maastrichtian KCCM4 composite calcareous microfossil zone of Howe et 
al. (2003). 
 
The diverse ostracod fauna is described in more detail in Part 2 Chapter 5 and its 
distribution is also illustrated in Table A3. The author picked ostracods from Grey’s 
(1986) >150m processed micropalaeontological residue samples, which also contained 
rare glauconite, mollucan fragments, gastropods, bryozoans, echinoid spines, fish teeth, 
glassy particles and near the base an ovoid fish bone, a tiny crustacean claw and a few 
echinoid plates. The depth, description and number of 5cm x 9cm trays investigated for 
each sample are recorded in the following table. 
 
Sample 
No. 
Depth 
From 
Top 
(cm) 
No. of  
Trays 
Studied 
Description 
1 0-5 9 White-beige-tan coloured sample with some green 
glauconite and red microfossils. Mainly planktonic and 
benthonic foraminifera. Ostracods very well preserved. 
Evidence of phosphatisation. Rare fish teeth and clear 
glassy particles. It also has bryozoan and molluscan 
fragments and echinoid spines. Top of the Upper 
Maastrichtian Miria Formation. 
2 5-10 2 White-beige-tan coloured sample with pale reddish 
pink microfossils, occasional green glauconite and rare 
red-brown particles. Highly frosted, planktonic and 
benthonic foraminifera. Evidence of phosphatisation. 
Rare clear glassy particles. It also has bryozoan and 
molluscan fragments and echinoid spines. 
APPENDIX 
374 
3 10-15 10 As for Sample No. 2 but with pinkish glassy particles. 
4 15-20 2 As for Sample No. 2. 
5 20-25 14 Not as rich and more frosted. 
6 25-30 2 As for Sample No. 2. 
7 30-35 10 Not as rich and frosted. 
8 35-40 2 As for Sample No. 2. 
9 40-45 10 Well-preserved microfossils. 
10 45-50 2 As for Sample No. 2. 
11 50-55 7 Highly frosted. 
12 55-60 2 As for Sample No. 2. 
13 60-65 9  
14 65-70 2 As for Sample No. 2. 
15 70-75 9  
16 75-80 2 As for Sample No. 2 but with reddish pink bryozoan 
fragments. 
17 80-85 12 This sample is a creamier colour with white 
microfossils and extra coarser grained particles. 
18 85-90 2 Predominantly white-cream-tan coloured sample with 
rare red brown particles and very rare green glauconite. 
Highly frosted, often fragmented, planktonic and 
benthonic foraminifera. The reddish pink tinge that 
appears on some microfossils above is absent and there 
are no clear glassy particles. Molluscan fragments are 
still present but bryozoan fragments are absent and 
echinoid spines are not as common. 
19 90-95 7 Cream coloured sample. 
20 95-100 2 As for Sample No. 18. 
21 100-105 15 Cream coloured sample with highly frosted 
foraminifera. 
22 105-110 2 As for Sample No. 18 but with only rare molluscan 
fragments and echinoid spines. 
23 110-115 13 Cream coloured sample with poorly preserved 
microfossils and one gastropod. 
24 115-120 2 As for Sample No. 18 but with only very rare 
molluscan fragments and echinoid spines. 
25 120-125 11 Cream coloured sample. 
26 125-130 2 As for Sample No. 24 but with only rare molluscan 
fragments, echinoid spines and plates. There is no 
glauconite but rare fish teeth and bones (perfectly ovoid 
brown particles) occur. Includes taupe particles. 
27 130-135 13 Cream coloured sample. 
28 135-140 2 As for Sample No. 26 but with very rare glauconite and 
larger particles, including taupe particles. 
29 140-145 11 Cream coloured sample which is very poor in terms of 
ostracods, and most of which are fragmentary. 
30 145-150 2 As for Sample No. 28 but with reddish pink bryozoan 
fragments and a crustacean fragment. Lower contact of 
Miria Formation not exposed. 
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Exac-10 Borehole 
 
From the Miria Formation of the Exac-10 borehole, Mr Ben Leonard of the University 
of Western Australia, Perth, collected numerous ostracods from four samples. Some of 
these have been included in the ostracod fauna described in Part 2 Chapter 5. 
 
UWA Cardabia Stratigraphic Hole 
 
The Miria Formation of the UWA Cardabia stratigraphic hole is very condensed and 
contains inner to mid shelf microfossils and macrofossils. The first sample representing 
the top of the Miria Formation occurs at a downhole depth of 53.12 m. This sample and 
the second sample at a downhole depth of 53.40 m are part of the phosphatic nodule bed. 
These processed samples consisted predominantly of white, pale grey, tan and red-
brown planktonic and benthonic foraminifera, often fragmented and recrystallised, with 
occasional molluscan fragments and rare glauconite, fish teeth, echinoid spines, 
bryozoans and glassy particles (some stained red). The third sample at a downhole depth 
of 53.56 m is similar except that there are no pale grey (carbonised) foraminifera and 
glauconite is very rare. This sample also yielded a tiny brachiopod. The fourth sample at 
a downhole depth of 53.64 m resembles the third sample except that it also includes 
occasional prismatic calcium carbonate columns (probably derived from reworked 
Inoceramus bivalve shells). A lag deposit occurs at the base of the Miria Formation. 
These four samples yielded numerous ostracods. Some of these have been included in 
the ostracod fauna described in Part 2 Chapter 5. 
 
Biostratigraphy of the Offshore Sections and their Ostracod 
Distributions 
 
Identification of offshore equivalents of the Miria Formation is based on the occurrence 
of the planktonic foraminifera Abathomphalus mayaroensis. The Upper Maastrichtian 
Abathomphalus mayaroensis planktonic foraminiferal zone of Wright and Apthorpe 
(1976) has been identified in the Kangaroo Trough in the petroleum exploration well 
Zeewulf-1 (Esso Australia Ltd., 1979a), on the Exmouth Plateau in ODP 762C from Leg 
122 of the Ocean Drilling Program (Haq et al., 1990) and the petroleum exploration well 
Eendracht-1 (Esso Australia Ltd., 1980), and on the Wombat Plateau in ODP 761B and 
ODP 764A from Leg 122 of the Ocean Drilling Program (Haq et al., 1990). It does not 
occur on the structural peak of the Exmouth Plateau in the petroleum exploration well 
Scarborough-1 (Esso Australia Ltd., 1979b), nor in ODP 763 from Leg 122 of the Ocean 
Drilling Program (Haq et al., 1990). However, it does occur in ODP 766A, at the base of 
the steep western margin of the Exmouth Plateau, on the continent/ocean boundary, just 
north of the Cape Range transform, which separates the Gascoyne and Cuvier Abyssal 
Plains (Gradstein et al. 1990). 
 
The first occurrence of Abathomphalus mayaroensis is a diachronous event. It first 
appeared in the southern polar region in the middle of the C31r magnetochron, that is 
near the Early-Late Maastrichtian boundary, and then migrated towards the low latitude 
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Tethyan region, where it is first recorded in the equatorial Pacific and the Mediterranean 
region in the C31n magnetochron, that is during the middle Late Maastrichtian (Huber, 
1992; Howe et al., 2003).  In the Carnarvon Basin, Abathomphalus mayaroensis first 
appears prior to the first occurrence of the calcareous nannofossil Lithraphidites 
quadratus, whereas in Tethys it first appears after the first occurrence of Lithraphidites 
quadratus Howe et al. (2003). Also, in the Carnarvon Basin, Abathomphalus 
mayaroensis first appears prior to the first occurrences of the planktonic foraminifera 
Racemiguembelina fructicosa and Contusatruncana contusa Howe et al. (2003), 
whereas in Tethys it first appears after the first occurrences of these species (Caron, 
1985). As a consequence, the Contusotruncana contusa (recorded as Globotruncana 
contusa) planktonic foraminiferal zone of Wright and Apthorpe (1976) and C12 zone of 
Apthorpe (1979) is not a valid zone for the Carnarvon Basin. Howe et al. (2003) also 
noted that this zone was not valid for the northwestern margin of Australia. 
  
Zeewulf-1 
 
The distribution of calcareous microfossils in Zeewulf-1 is illustrated in Table A4. The 
planktonic foraminiferal and calcareous nannofossil distributions were derived from the 
Well Completion Report (Esso Australia Ltd., 1979a) and have been used to define the 
calcareous nannofossil zones of Burnett (1998) and the composite calcareous microfossil 
zones of Howe et al. (2003). The ostracod distribution is derived from this study. 
 
The planktonic foraminifera Contusotruncana cf. contusa, Globotruncanita stuarti, 
Globotruncana arca, G. falsostuarti and Heterohelix striata are characteristic of the 
Late Maastrichtian Tethyan and Transitional Realms, whilst Rugoglobigerina pennyi, 
Globotruncana rosetta and Planoglobulina brazoensis are characteristic of the Tethyan 
Realm (Figure 15, Zepeda, 1998, adopted from Huber, 1992). This indicates that this 
assemblage belongs to the Transitional Realm of Huber (1992), with some Tethyan 
influences. 
 
The calcareous nannofossils Kamptnerius magnificus, Gartnerago obliquum and 
Ahmuellerella regularis indicate that with the exception of SWC-67 at the base and 
SWC-76 at the top that the offshore equivalent of the Miria Formation in Zeewulf-1 
represents a continental shelf environment. 
 
The planktonic foraminifera Abathomphalus mayaroensis occurs in SWC-71 to SWC-
76, and based on the occurrence of the calcareous nannofossil Lithraphidites quadratus 
without Micula murus this interval belongs to the middle Upper Maastrichtian UC20a 
calcareous nannofossil zone of Burnett (1998) and the KCCM2b composite calcareous 
microfossil zone of Howe et al. (2003). 
 
SWC-67 to SWC-69 are characterised by a sparse, low diversity, severely etched 
foraminiferal fauna, and as a consequence Abathomphalus mayaroensis may not have 
been recorded. It is noted that this interval may be related to the problematical middle 
Maastrichtian reported by Apthorpe (1979) for the North West Shelf (Esso Australia 
Ltd., 1979a). In the underlying SWC-66, which also has the last occurrence of the 
bivalve Inoceramus and therefore corresponds to the top of an offshore equivalent of the 
Korojon Calcarenite, unreworked specimens of the planktonic foraminifera 
Globotruncana linneiana occur with unreworked specimens of the calcareous 
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nannofossil Aspidolithus parcus. This indicates that the middle Lower Maastrichtian 
KCCM8b composite calcareous microfossil zone of Howe et al. (2003), and hence the 
top of the UC16 calcareous nannofossil zone of Burnett (1998) is missing. If it were not 
for the lack of Abathomphalus mayaroensis in SWC-67, the KCCM6e-8a composite 
calcareous microfossil zones of Howe et al. (2003) and the base of the UC19 to UC17 
calcareous microfossil zones of Burnett (1998), would also be recorded as missing. This 
would indicate that the middle Early Maastrichtian to earliest Late Maastrichtian 
disconformity, which has been identified elsewhere in the Carnarvon Basin, also occurs 
in Zeewulf-1. 
 
Based on the presumed occurrence of Abathomphalus mayaroensis without 
Racemiguembelina powelli, SWC-67 to SWC-69 belong to the lower Upper 
Maastrichtian KCCM6c-d composite calcareous microfossil zone of Howe et al. (2003), 
and hence the UC19 calcareous nannofossil zone of Burnett (1998). The planktonic 
foraminifera Pseudotextularia intermedia is not listed in the distribution table of the 
Well Completion Report (Esso Australia Ltd., 1979a) and consequently this interval 
could not be refined further. 
 
There is a shift in the sonic and gamma ray logs below SWC-67, at a depth of 1882.5 m, 
which may represent the disconfomity between the offshore equivalents of the Miria 
Formation and the Korojon Calcarenite. SWC-66 is described as a calcareous claystone 
with fine pyrite, traces of fine mica and black carbonaceous specks, and indistinct green 
laminae and patches (Esso Australia Ltd., 1979a). The processed sample was mainly 
composed of well-preserved planktonic foraminifera, which were occasionally 
carbonised, with large grey Inoceramus shell fragments, a few echinoid spines, rare 
green phosphatised thoracosphaerids, occasional iron oxide particles and three ostracod 
fragments. In contrast, the overlying SWC-67, which formed the base of the offshore 
equivalent of the Miria Formation, was a light grey marl which included pieces of dark 
grey claystone (Esso Australia Ltd., 1979a), presumably reworked from the underlying 
offshore equivalent of the Korojon Calcarenite. The processed sample was mainly 
composed of grey claystone with occasional ferruginised rock fragments, numerous 
green phosphatised thoracosphaerids and sparse, poorly preserved, often glassy grey, 
well-worn planktonic foraminifera. The planktonic foraminiferal assemblage contains 
reworked specimens of Globotruncana linneiana, Globotruncana arca, Heterohelix 
globulosa and Laeviheterohelix glabrans (Esso Australia Ltd., 1979a). It is not stated, 
but in this sample reworked calcareous nannofossils are represented by Zeugrhabdotus 
bicrescenticus, Aspidolithus parcus and Reinhardtites anthophorus. 
 
The processed sample of SWC-68 was similar to that of SWC-67, except that the 
phosphatised thoracosphaerids were not as numerous, Globotruncana linneiana was the 
only reworked planktonic foraminifera, and Zeugrhabdotus bicrescenticus and 
Reinhardtites anthophorus were the only reworked calcareous nannofossils. In SWC-69 
there are no reworked microfossils or claystone, no phosphatised thoracosphaerids, the 
planktonic foraminfera are more abundant and better preserved, and there is evidence of 
pyritisation. SWC-69 also has glauconite, fish teeth, echinoid spines and fragments of 
bryozoan branches. The warm-water calcareous nannofossil Ceratolithoides aculeus 
occurs in SWC-67, SWC-68 and SWC-69. However, the occurrence of the cold-water 
calcareous nannofossil Sollasites horticus in SWC-67 indicates an Austral influence and 
cool conditions at the start of the Late Maastrichtian. An explanation can be found in the 
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the underlying disconformity at the Early-Late Maastrichtian boundary which is 
associated with cold, oxygenated, Antarctic, bottom waters which “flowed north past the 
northwestern Australian margin into the Tethys Ocean” (Howe et al., 2003), and which 
reworked the underlying sediments. The subsequent abscence of the cold-water 
calcareous nannofossil Sollasites horticus, in SWC-68 and SWC-69, can be attributed to 
the warming event identified by Thibault and Gardin (2007) in the earliest Late 
Maastrichtian. 
 
The occurrence of the cold-water calcareous nannofossil Kamptnerius magnificus in 
SWC-71 and SWC-72, indicates another cooling event. In Figure 7 of Thibault and 
Gardin (2007) the first positive shift in the southern mid-latitude Late Maastrichtian 
planktonic foraminferal δ18O curve, which indicates the onset of cooling, occurs in the 
upper part of the C31n magnetochron, that is about where Burnett (1998) would place 
the first occurrence of Lithraphidites quadratus, and hence the start of the UC20a zone. 
In Zeewulf-1 this cooling event also has evidence of reworking, with the planktonic 
foraminifera Globotruncana linneiana and Rotalipora deeckei, and the calcareous 
nannofossils Ahmuellerella octoradiata and Zeugrhabdotus bicrescenticus, appearing in 
SWC-71, and the planktonic foraminifera Marginotruncana marginata, and the 
calcareous nannofossils Ahmuellerella octoradiata, Zeugrhabdotus bicrescenticus, 
Aspidolithus parcus and Reinhardtites anthophorus, appearing in SWC-72. The 
processed sample of SWC-71 is similar to SWC-69 except that there is evidence of 
reworked planktonic foraminifera and calcareous nannofossils, occasional ferruginised 
rock fragments, a few phosphatised thoracosphaerids, and no fish teeth, bryozoan 
fragments or glauconite. Fine pyrite infill burrows were reported in the description of the 
sidewall core (Esso Australia Ltd., 1979a).  With the exception of several reworked 
microfossils in SWC-72, the processed samples of SWC-72 to SWC-76 are similar. 
They are primarily composed of well-preserved planktonic foraminifera, some of which 
have been oxidised a pale pink, in contrast to previously where some were carbonised 
grey. This, and the occurrence of iron oxide particles, may indicate that these sediments 
were deposited within a well-oxygenated environment. They also had a few echinoid 
spines and rare green phosphatised thoracosphaerids, as well as foraminiferal glauconite 
moulds and fish teeth in SWC-73, and bryozoan fragments in SWC-76. The warm-water 
calcareous nannofossil Ceratolithoides aculeus occurs in SWC-72 and SWC-73 and 
reworked specimens of the calcareous nannofossil Ahmuellerella octoradiata also 
appear in SWC-76. In Figure 7 of Thibault and Gardin (2007) the upper part of the 
UC20a zone is characterized by a warming trend, which would explain the 
disappearance of the cold-water calcareous nannofossil Kamptnerius magnificus above 
SWC-72. 
 
Only a few ostracod carapaces, valves and fragments were retrieved from SWC-71 and 
SWC-72, at the base of the UC20a zone. These were an adult carapace and a damaged 
adult right valve of Paramunseyella sp. 3 (or Genus B sp. of Bate (1972)) and a female 
right valve of Scepticocythereis ornata Bate, 1972 in SWC-71, and an adult carapace of 
Apateloschizocythere geniculata Bate, 1972, a right valve of Paramunseyella 
exmouthensis Damotte, 1992 and an ostracod fragment in SWC-72. 
 
There is a slight shift in the sonic and gamma ray logs at a depth of 1790 m, which may 
represent the disconfomity between the offshore equivalent of the Miria Formation and 
the overlying Paleocene sediments (Esso Australia Ltd., 1979a). 
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Eendracht-1 
 
The distribution of calcareous microfossils in Eendracht-1 is illustrated in Table A5. The 
planktonic foraminiferal distributions were derived from the Well Completion Report 
(Esso Australia Ltd., 1980) and have been used to define the composite calcareous 
microfossil zones of Howe et al. (2003), which have been broadly correlated to the 
calcareous nannofossil zones of Burnett (1998). The ostracod distribution is derived 
from this study. 
 
The planktonic foraminifera Contusotruncana contusa, Globotruncanita stuarti, 
Globotruncana arca, G. falsostuarti, G. cf. ventricosa and Heterohelix striata are 
characteristic of the Late Maastrichtian Tethyan and Transitional Realms, whilst 
Rugoglobigerina pennyi, Globotruncana rosetta, G. calciformis and Planoglobulina 
brazoensis are characteristic of the Tethyan Realm (Figure 15, Zepeda, 1998, adopted 
from Huber, 1992). This indicates that this assemblage belongs to the Transitional 
Realm of Huber (1992), with some Tethyan influences. 
 
The planktonic foraminifera Abathomphalus mayaroensis occurs in SWC-85 to SWC-
91, and consequently this interval belongs to the lower Upper to uppermost 
Maastrichtian KCCM1-6d composite calcareous microfossil zones of Howe et al. 
(2003). Based on the occurrence of Contusatruncana contusa in SWC-87 to SWC-91 
this interval belongs to the middle Upper to uppermost Maastrichtian KCCM1-3 
composite calcareous microfossil zones of Howe et al. (2003). This interval could not be 
refined further due lack of information on the calcareous nannofossils. The occurrence 
of Racemiguembelina fructicosa without Contusatruncana contusa in SWC-86 indicates 
that this sample belongs to the middle Upper Maastrichtian KCCM4 composite 
calcareous microfossil zone of Howe et al. (2003). Based on the occurrence of 
Racemiguembelina powelli without Racemiguembelina fructicosa in SWC-85 this 
sample belongs to the lower to middle Upper Maastrichtian KCCM5-6b composite 
calcareous microfossil zones of Howe et al. (2003). Lack of information on the 
calcareous nannofossils meant that this sample could not be assigned to a specific zone. 
 
Based on the absence of the planktonic foraminifera Abathomphalus mayaroensis and 
Globotruncana linneiana, the underlying SWC-84 belongs to the middle Lower to 
lowest Upper Maastrichtian KCCM6e-8 composite calcareous microfossil zones of 
Howe et al. (2003). Since it has been noted previously that this interval represents a 
disconformity in the Carnarvon Basin, SWC-84 probably belongs to the lower Upper 
Maastrichtian KCCM6c-d composite calcareous microfossil zone of Howe et al. (2003). 
It is assumed that Abathomphalus mayaroensis is absent due to the poor preservation of 
planktonic foraminifera in this sample, and because Pseudotextularia intermedia is not 
listed in the distribution table of the Well Completion Report (Esso Australia Ltd., 1980) 
this interval could not be refined further. SWC-84 is described as a calcilutite with fine 
pyrite and thin, diffuse, light purple laminae (Esso Australia Ltd., 1980). The processed 
sample was mainly composed of poorly preserved, often fragmented, occasionally 
pyritised, planktonic foraminifera, which were with worn fragments of the bivalve 
Inoceramus, presumably reworked from the underlying offshore equivalent of the 
Korojon Calcarenite. Consequently, the strong shift in the sonic log and shift in the 
gamma ray log below SWC-84, at a depth of 1952.5 m, probably represents the 
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disconfomity between the offshore equivalents of the Miria Formation and the Korojon 
Calcarenite. The underlying SWC-83 is described as a calcilutite and has the highest 
occurrence of Globotruncana linneiana (Esso Australia Ltd., 1980). 
 
The processed sample of SWC-85 was similar to that of the underlying SWC-84, except 
for the addition of pyrite cubes, along with rare echinoid spines, iron oxide particles, 
foraminiferal glauconite moulds and fish teeth. 
 
The processed samples of the overlying SWC-86 and SWC-87 still contain pyrite, but 
also have evidence of reworking in the form of sub-rounded, rather than angular to sub-
angular, quartz particles and flat calcium carbonate particles and calcium carbonate 
columns that were probably derived from further mechanical breakdown of Inoceramus 
shells. There are no more echinoid spines nor foraminiferal glauconite moulds, but a fish 
tooth and benthonic foraminfera were found in the processed sample of SWC-86. 
 
Above this interval, in SWC-88 to SWC-91, the only evidence for reworking is the 
occurrence of the planktonic foraminifera Marginotruncana marginata in SWC-89. 
Pyrite has gone and the form of the quartz particles is now angular to sub-angular. SWC-
88 is described as mottled (Esso Australia Ltd., 1980), due to burrowing, and the 
processed sample contained some benthonic foraminifera. In contrast, SWC-91 is 
described as laminated (Esso Australia Ltd., 1980), hence not burrowed, and the 
processed sample contained an iron oxide particle coated in a yellowish green mineral, 
possibly phosphate. 
 
At the base of the offshore equivalent of the Miria Formation, SWC-84 has eight 
unidentifiable ostracod fragments and a broken right valve of Paramunseyella 
exmouthensis Damotte, 1992. This is followed by five species in SWC-85. Along with 
five unidentifiable ostracod fragments, there was a damaged juvenile right valve of 
Apateloschizocythere geniculata Bate, 1972, a carapace of Premunseyella sp. 2 
(Eucytherura? aff. pyramidatus Dingle, 1981 in Damotte (1992)), a juvenile carapace of 
Paramunseyella sp. 3 (Genus B sp. Bate (1972)), a right valve, a left valve, a damaged 
left valve and a juvenile carapace of Paramunseyella exmouthensis Damotte, 1992, two 
Paramunseyella sp. fragments, and a left valve fragment and two right valve fragments 
of Philoneptunus aspericava (Bate, 1972). 
 
It can be seen from Table A5 that the ostracod fauna then gradually declines up the 
sequence. In SWC-86 there are four ostracod species. Along with seven unidentifiable 
ostracod fragments, there was a penultimate instar carapace of Paramunseyella sp. 3 
(Genus B sp. Bate (1972)), a left valve of Paramunseyella exmouthensis Damotte, 1992, 
a Paramunseyella sp. fragment, a male right valve and a broken female right valve of 
Hemiparacytheridea hemingwayi Neale, 1975 and three right valve fragments of 
Philoneptunus aspericava (Bate, 1972). 
 
In SWC-87 there are two ostracod species. Along with three unidentifiable ostracod 
fragments, there was a broken female right valve of Hemiparacytheridea hemingwayi 
Neale, 1975 and a juvenile carapace of Munseyella sp. 1. 
 
In SWC-88 there are three ostracod species. Along with three unidentifiable ostracod 
fragments, there was a female right valve, a juvenile carapace and a right valve fragment 
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of Philoneptunus aspericava (Bate, 1972), two right valves and a damaged left valve of 
Dutoitella crassinodosa (Guernet, 1985) and a damaged left valve of Dutoitella sp.. 
 
In SWC-89 there were only five unidentifiable ostracod fragments, whilst SWC-91 had 
seven. Between these two samples, there was another, SWC-90 taken from a depth of 
1906 m, which Esso Australia Ltd. provided for investigation. The only ostracod found 
was a ferruginised, infilled and corroded specimen of the genus Paijenborchella 
(Paijenborchella). 
 
There is a dramatic shift in the sonic and gamma ray logs at a depth of 1903 m, which 
represents the disconfomity between the offshore equivalent of the Miria Formation and 
the overlying Paleocene sediments (Esso Australia Ltd., 1980). This is also supported by 
a marked change in the planktonic foraminiferal fauna (Esso Australia Ltd., 1980). 
 
ODP 762C 
 
The distribution of calcareous microfossils in ODP 762C is illustrated in Table A6. The 
planktonic foraminiferal distributions were derived from Wonders (1992), Zepeda 
(1998) and Howe et al. (2003). The calcareous nannofossil distributions were derived 
from Bralower and Siesser (1992) and Howe et al. (2003). These have been used to 
define the calcareous nannofossil zones of Burnett (1998) and the composite calcareous 
microfossil zones of Howe et al. (2003). The ostracod distribution was derived from 
Damotte (1992). 
 
The planktonic foraminifera Globotruncana arca, G. ventricosa, G. aegyptiaca, G. 
falsostuarti, Globotruncanita stuarti, G. stuartiformis, Planoglobulina acervulinoides, 
Contusotruncana contusa, Globigerinelloides prairiehillensis, Heterohelix striata, 
Pseudoguembelina costulata and Rugoglobigerina macrocephala are characteristic of 
the Late Maastrichtian Tethyan and Transitional Realms, whilst Rugoglobigerina 
milamensis, R. pennyi, R. hexacamerata, Contusotruncana walfischensis, 
Pseudoguembelina palpebra, P. excolata, Globotruncana insignis, G. rosetta, G. 
trinidadensis, G. mariei, Planoglobulina multicamerata, P. riograndensis, P. carseyae, 
Archaeoglobigerina blowi, Heterohelix globocarinata and H. punctulata are 
characteristic of the Tethyan Realm and Archaeoglobigerina australis, Rugotruncana 
subcircumnodifer and Hedbergella sliteri, which also occurs in the Transitional Realm,  
are characteristic of the Austral Realm (Figure 15, Zepeda, 1998, adopted from Huber, 
1992). This indicates that this assemblage belongs to the Transitional Realm of Huber 
(1992), with numerous Tethyan and, due to the close proximity of the 
Austral/Transitional Realm boundary, a few Austral influences. Zepeda (1998) also 
notes that the high diversity and equitability indices are indicative of “a warmer part of 
the Transitional Realm”, and that the Abathomphalus mayaroensis planktonic 
foraminiferal zone is dominated by species of Heterohelix, Rugoglobigerina, and to 
some extent Archaeoglobigerina, with other heterohelicids appearing consistently with 
the double-keeled globotruncanids Abathomphalus mayaroensis and Globotruncana 
arca, and higher in the zone species of Contusotruncana. 
 
The calcareous nannofossils Ahmuellerella regularis, Arkhangelskiella cymbiformis, 
Arkhangelskiella confusa, Kamptnerius magnificus, Broinsonia enormis, 
Lucianorhabdus cayeuxii and Gartnerago obliquum seem to indicate that the offshore 
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equivalent of the Miria Formation in ODP 762C represents a continental shelf 
environment. However, Zepeda (1998) suggested an upper bathyal water depth of 500-
1100 m based on the percentage of benthonic foraminifera within the foraminiferal 
assemblage. Consequently, the offshore equivalent of the Miria Formation in ODP 762C 
was probably deposited on the upper slope of the Exmouth Plateau. 
 
The planktonic foraminifera Abathomphalus mayaroensis occurs in Samples 47X-7, 16-
17 cm (601.7 m downhole) to 43X-1, 35-37 cm (554.87 m downhole). This offshore 
equivalent of the Miria Formation is described as a “white to light green-grey clayey 
nannofossil chalk” (Subunit IVA) (Exon et al., 1992). Subunit IVA commences at a 
downhole depth of 554.8 m (Sample 43X-1, 30 cm) where there is an abrupt change 
from a lower Paleocene dark green-grey nannofossil chalk with foraminifera and 55% 
CaCO3 to an Upper Maastrichtian white nannofossil chalk with 95% CaCO3 (Haq et al., 
1990). Subunit IVA consists of 15-110 cm thick couplets, with gradational boundaries, 
which consist of white to very light green-grey, strongly bioturbated, nannofossil chalk 
(87-92% CaCO3, up to 15% foraminifera, 15-100 cm thick) and light green-grey, 
sometimes finally laminated (Core 45X), nannofossil chalk with foraminifera and clay 
(56-92% CaCO3, 3-20% more clay than in the lighter nannofossil chalk, up to 10 cm 
thick) (Haq et al., 1990). 
 
Based on the occurrence of Abathomphalus mayaroensis without the planktonic 
foraminifera Pseudotextularia intermedia, Samples 47X-7, 16-17 cm (601.7 m 
downhole) to 47X-6, 60-61 cm (600.6 m downhole) belong to the lower Upper 
Maastrichtian KCCM6d composite calcareous microfossil zone of Howe et al. (2003) 
and the UC19 calcareous nannofossil zone of Burnett (1998). This strongly bioturbated, 
nannofossil chalk interval also contained traces of quartz, numerous carbonate fragments 
and scattered pyrite crystals (Haq et al., 1990). The reworked microfossils are the 
planktonic foraminifera Globotruncana cf. linneiana, and the calcareous nannofossils 
Zeugrhabdotus bicrescenticus and Reinhardtites levis. The co-occurrence of 
Abathomphalus mayaroensis, Zeugrhabdotus bicrescenticus and Reinhardtites levis in 
Sample 47X-7, 16-17 cm (601.7 m downhole) indicates that the lowest Upper 
Maastrichtian KCCM6e-f composite calcareous microfossil zones of Howe et al. (2003) 
and the base of the UC19 calcareous microfossil zone of Burnett (1998) is missing. In 
the underlying Sample 47X-CC, from the offshore equivalent of the Korojon 
Calcarenite, the co-occurrence Aspidolithus parcus constrictus (recorded as Broinsonia 
parca constricta), Tranolithus phacelosus (recorded as Tranolithus orionatus) and 
Reinhardtites levis (Bralower and Siesser, 1992) indicates that the middle to upper 
Lower Maastrichtian KCCM7-8a composite calcareous microfossil zones of Howe et al. 
(2003) and the UC18-17 calcareous microfossil zones of Burnett (1998) are also 
missing. This disconformity, which includes the KCCM6e-8a composite calcareous 
microfossil zones of Howe et al. (2003) and the base of the UC19 to UC17 calcareous 
microfossil zones of Burnett (1998), was also recognized by Shafik (1998) and Howe et 
al. (2003). 
 
Based on the occurrence of Pseudotextularia intermedia without the planktonic 
foraminifera Racemiguembelina powelli, Samples 47X-5, 106-107 cm (599.6 m 
downhole) to 47X-3, 22-23 cm (595.7 m downhole) belong to the lower Upper 
Maastrichtian KCCM6c composite calcareous microfossil zone of Howe et al. (2003) 
and the UC19 calcareous nannofossil zone of Burnett (1998). This strongly bioturbated, 
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nannofossil chalk interval also contained traces of quartz and numerous carbonate 
fragments (Haq et al., 1990). Core 47X-3 also contains scattered pyrite crystals and in 
Sample 47X-3, 120cm a pyritised burrow was observed (Haq et al., 1990). The 
reworked calcareous nannofossils are Tranolithus phacelosus, which defines the 
boundary between the KCCM8 and KCCM7 composite calcareous microfossil zones of 
Howe et al. (2003) and the UC17 and UC18 calcareous nannofossil zones of Burnett 
(1998), and the cold-water Petrarhabdus copulatus, which Campbell (2003) indicates 
last appears between the last occurrences of the calcareous nannofossil Aspidolithus 
parcus and the planktonic foraminifera Globotruncana linneiana, that is within the 
KCCM8b composite calcareous microfossil zone of Howe et al. (2003) and the top of 
the UC16 calcareous microfossil zone of Burnett (1998). The calcareous nannofossil 
assemblage of this interval contains the warm-water species Ceratolithoides aculeus, 
Ceratolithoides indiensis and Rhagodiscus splendens, and the cold-water species 
Nephrolithus frequens, Biscutum coronum, Crucibiscutum salebrosum, Kamptnerius 
magnificus, Cribrosphaerella daniae and Misceomarginatus pleniporus. Damotte (1992) 
recorded the ostracod species Apateloschizocythere geniculata Bate, 1972, 
Paramunseyella exmouthensis Damotte, 1992 and Premunseyella sp. 2 (recorded as 
Eucytherura? aff. pyramidatus Dingle, 1981) in this interval. 
 
It was not possible to identify the lower Upper Maastrichtian KCCM6b composite 
calcareous microfossil zone of Howe et al. (2003) as the planktonic foramninfera 
Racemiguembelina powelli and the calcareous nannofossil Stoverius coangustatus do 
not occur together in any of the samples. However, it is possible that this zone does 
occur between the Sample 47X-3, 22-23 cm (595.7 m downhole), which has the last 
occurrence of Stoverius coangustatus, and the Sample 47X-2, 85-89 cm (594.85 m 
downhole), which has the first occurrence of Racemiguembelina powelli. 
 
Based on the occurrence of the planktonic foraminifera Racemiguembelina powelli 
(which is recorded as Racemiguembelina fructicosa in Zepeda (1998)) without the 
calcareous nannofossils Stoverius coangustatus and Lithraphidites praequadratus, 
Samples 47X-2, 85-89 cm (594.85 m downhole) to 46X-5, 32-33 cm belong to the lower 
Upper Maastrichtian KCCM6a composite calcareous microfossil zone of Howe et al. 
(2003) and the UC19 calcareous nannofossil zone of Burnett (1998). This nannofossil 
chalk (Haq et al., 1990) contains the reworked calcareous nannofossil Petrarhabdus 
copulatus. The calcareous nannofossil assemblage of this interval contains the warm-
water species Ceratolithoides aculeus and Rhagodiscus splendens, and the cold-water 
species Nephrolithus frequens, Crucibiscutum salebrosum, Kamptnerius magnificus and 
Vekshinella aachena. 
 
Sample 46X-4, 135-137 cm (588.85 m downhole) could belong to either the zone above 
or below it, that is the middle Upper Maastrichtian KCCM5 or lower Upper 
Maastrichtian KCCM6a composite calcareous microfossil zones of Howe et al. (2003). 
Lack of information on the calcareous nannofossils meant that this sample could not be 
assigned to a specific zone. 
 
Based on the occurrence of Lithraphidites praequadratus without the planktonic 
foraminifera Racemiguembelina fructicosa and Contusotruncana contusa, Samples 46X-
4, 127-128 (588.8 m downhole) to 46X-1, 58-60 cm (583.60 m downhole) belong to the 
middle Upper Maastrichtian KCCM5 composite calcareous microfossil zone of Howe et 
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al. (2003) and the UC19 calcareous nannofossil zone of Burnett (1998). Based on the 
co-occurrence of the calcareous nannofossils Lithraphidites praequadratus and 
Ahmuellerella octoradiata, Sample 46X-1, 25-26 cm also belongs to these zones. The 
lithology has changed to a nannofossil chalk with foraminifer and clay, with traces of 
carbonate fragments but no quartz (Haq et al., 1990). The only reworked microfossils 
are the planktonic foraminifera Globotruncana linneiana in Sample 46X-3, 25-27 cm 
(586.25 m downhole) and the calcareous nannofossil Zeugrhabdotus bicrescenticus in 
Sample 46X-3, 31-32cm. The calcareous nannofossil assemblage of this interval 
contains the warm-water species Ceratolithoides aculeus, Ceratolithoides indiensis and 
Rhagodiscus splendens, and the cold-water species Nephrolithus frequens, 
Crucibiscutum salebrosum, Kamptnerius magnificus and Vekshinella aachena. 
 
Samples 45X-CC to 45X-5, 43-44 cm (579.9 m downhole) belong to the middle Upper 
Maastrichtian KCCM3-5 composite calcareous microfossil zones of Howe et al. (2003) 
and the top of the UC19 calcareous nannofossil zone of Burnett (1998), based on the 
occurrence of Lithraphidites praequadratus without the calcareous nannofossils 
Lithraphidites quadratus and Ahmuellerella octoradiata. Lack of information on the 
planktonic foraminifera meant that this interval could not be refined further. This 
nannofossil chalk with foraminifer and clay, traces of bioclasts and parallel laminations 
(Haq et al., 1990), does not contain any reworked calcareous nannofossils. The 
calcareous nannofossil assemblage of this interval contains the warm-water species 
Ceratolithoides aculeus, Rhagodiscus splendens and Quadrum gothicum, and the cold-
water species Nephrolithus frequens, Crucibiscutum salebrosum, Kamptnerius 
magnificus and Vekshinella aachena. 
 
Sample 45X-5, 25-27 cm (579.75 m downhole) could belong to either the middle Upper 
Maastrichtian KCCM2b or KCCM3 composite calcareous microfossil zones of Howe et 
al. (2003). Although the planktonic foraminfera Contusotruncana contusa is present the 
lack of information on the calcareous nannofossils means that this sample could not be 
assigned to a specific zone. 
 
Based on the occurrence of Lithraphidites quadratus without the warm-water calcareous 
nannofossil Micula murus (although Howe et al. (2003) did record questionable Micula 
murus in this interval), Samples 45X-4, 127-128 cm (579.3 m downhole) to 45X-3, 30-
31 cm belong to the middle Upper Maastrichtian KCCM2b composite calcareous 
microfossil zone of Howe et al. (2003) and the UC20a calcareous nannofossil zone of 
Burnett (1998). This nannofossil chalk with foraminifer and clay, traces of bioclasts and 
parallel laminations (Haq et al., 1990), does not contain any reworked microfossils. The 
calcareous nannofossil assemblage of this interval contains the warm-water species 
Ceratolithoides aculeus, Ceratolithoides indiensis and Rhagodiscus splendens, and the 
cold-water species Nephrolithus frequens, Kamptnerius magnificus and Biscutum 
coronum. 
 
Sample 45X-2, 112-114 cm (576.12 m downhole) could belong to either the zone above 
or below it, that is the middle Upper Maastrichtian KCCM2a or KCCM2b composite 
calcareous microfossil zones of Howe et al. (2003). Lack of information on the 
calcareous nannofossils meant that this sample could not be assigned to a specific zone. 
 
APPENDIX 
 
385 
Based on the occurrence of Micula murus without the warm-water calcareous 
nannofossils Ceratolithoides kamptneri and Micula prinsii, Samples 45X-2, 100-101 cm 
(576.0 m downhole) to 43X-4, 129-130 cm belong to the middle Upper Maastrichtian 
KCCM2a composite calcareous microfossil zone of Howe et al. (2003) and the UC20b 
calcareous nannofossil zone of Burnett (1998). The strongly bioturbated lithology of this 
interval changes uphole from a nannofossil chalk with foraminifer and clay to a 
nannofossil chalk at about a depth of 566.6 m (Haq et al., 1990). Both lithologies now 
include traces of accessory minerals, with the darker, more clay enriched, nannofossil 
chalk also containing numerous carbonate fragments, and the lighter nannofossil chalk 
containing traces of quartz and bioclasts (Haq et al., 1990). From a depth of 566.59 m 
(Sample 44X-2, 109-111 cm), Zepeda (1998) records a change in the relative 
frequencies of the major planktonic foraminiferal groups, with a dramatic decline in the 
rugoglobigerinids (Rugoglobigerina and Rugotruncana), a dramatic increase in the 
globotruncanids (Abathomphalus, Contusotruncana, Globotruncana and 
Globocarinata), a slight increase in the heterohelicids (Gublerina, Guembelitria, 
Heterohelix, Laeviheterohelix, Planoglobulina, Pseudoguembelina, Pseudotextularia 
and Racemiguembelina), hedbergellids (Hedbergella) and archaeoglobigerinids 
(Archaeoglobigerina), and a slight decline in the globigerinelloids (Globigerinelloides). 
From this depth the percentage of benthonic foraminfera also declines from a peak value 
of 16% as the planktonic to benthonic foraminiferal ratio increases (Zepeda, 1998). Such 
a change indicates a marine transgression. The lower interval, composed of nannofossil 
chalk with foraminifer and clay, contains the reworked calcareous nannofossils 
Zeugrhabdotus bicrescenticus and Ahmuellerella octoradiata, which last appears in the 
middle Upper Maastrichtian KCCM5 composite calcareous microfossil zone of Howe et 
al. (2003). The calcareous nannofossil assemblage of this interval contains the warm-
water species Micula murus, Ceratolithoides aculeus, Ceratolithoides indiensis, 
Rhagodiscus splendens and Diazomatolithus lehmanii, and the cold-water species 
Nephrolithus frequens, Kamptnerius magnificus and Crucibiscutum salebrosum. The 
upper interval, composed of nannofossil chalk, does not contain any reworked 
microfossils, and the calcareous nannofossil assemblage contains the warm-water 
species Micula murus, Rhagodiscus asper, Quadrum gothicum and Diazomatolithus 
lehmanii, and the cold-water species Nephrolithus frequens, Kamptnerius magnificus, 
Cribrosphaerella daniae and Vekshinella aachena. In this upper level, Damotte (1992) 
recorded the ostracod genus Cytherella. 
 
Sample 43X-4, 109-111 cm (560.09 m downhole) could belong to either the zone above 
or below it, or to the upper Upper Maastrichtian KCCM1b composite calcareous 
microfossil zone of Howe et al. (2003) and the UC20c calcareous nannofossil zone of 
Burnett (1998). Lack of information on the calcareous nannofossils meant that this 
sample could not be assigned to a specific zone. 
 
Based on the occurrence of Micula prinsii with other Cretaceous microfossils, Samples 
43X-4, 45-46 cm (559.5 m downhole) to 43X-1, 35-37 cm (554.87 m downhole) belong 
to the uppermost Maastrichtian KCCM1a composite calcareous microfossil zone of 
Howe et al. (2003) and the UC20d calcareous nannofossil zone of Burnett (1998). This 
strongly bioturbated, nannofossil chalk, with traces of quartz, accessory minerals and 
bioclasts (Haq et al., 1990), does not contain any reworked microfossils. The calcareous 
nannofossil assemblage of this interval contains the warm-water species Micula prinsii, 
Micula murus, Rhagodiscus splendens and Quadrum gothicum, and the cold-water 
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species Nephrolithus frequens, Crucibiscutum salebrosum, Kamptnerius magnificus, 
Cribrosphaerella daniae, Nephrolithus corystus and possibly Psyktosphaera firthii. 
Based on “an increase in planktonic foraminiferal species diversity and occurrences of 
several keeled taxa” a Tethyan influence was inferred for the latest Maastrichtian by 
Zepeda (1998). Zepeda (1998) records a significant increase in the abundance of 
Globotruncana arca and Heterohelix rajagopalani along with a significant decline in 
the abundance of Heterohelix globulosa and hedbergellids. 
 
ODP 761B 
 
The distribution of calcareous microfossils in ODP 761B is illustrated in Table A7. The 
planktonic foraminiferal distributions were derived from Wonders (1992) and Howe et 
al. (2003). The calcareous nannofossil distributions were derived from Bralower and 
Siesser (1992), Lees (2002) and Howe et al. (2003). These have been used to define the 
calcareous nannofossil zones of Burnett (1998) and the composite calcareous microfossil 
zones of Howe et al. (2003). The ostracod distribution was derived from Damotte 
(1992). 
 
The planktonic foraminifera Globotruncana arca, G. ventricosa, G. falsostuarti, G. cf. 
linneiana, Globotruncanita stuarti, G. stuartiformis, Planoglobulina acervulinoides, 
Contusotruncana contusa, Globigerinelloides prairiehillensis and Pseudoguembelina 
costulata are characteristic of the Late Maastrichtian Tethyan and Transitional Realms, 
whilst Rugoglobigerina milamensis, R. pennyi, R. hexacamerata, Contusotruncana 
walfischensis, C. cf. patelliformis, Pseudoguembelina palpebra, Globotruncana insignis, 
Planoglobulina multicamerata, P. riograndensis, P. carseyae and H. cf. punctulata are 
characteristic of the Tethyan Realm (Figure 15, Zepeda, 1998, adopted from Huber, 
1992). This indicates that this assemblage belongs to the Transitional Realm of Huber 
(1992), with numerous Tethyan influences. This contrasts with the more southerly 
location of ODP 762C, on the Exmouth Plateau, where a few Austral influences were 
also recorded. 
 
The calcareous nannofossils Ahmuellerella regularis, Arkhangelskiella cymbiformis, 
Arkhangelskiella confusa, Arkhangelskiella maastrichtiana, Kamptnerius magnificus, 
Broinsonia enormis, Broinsonia signata, Lucianorhabdus cayeuxii, Gartnerago 
segmentatum and Acuturris scotus seem to indicate that the offshore equivalent of the 
Miria Formation in ODP 761B represents a continental shelf environment. However, 
Gradstein (1992) notes that during the Late Cretaceous the Wombat Plateau subsided 
slowly from a bathyal water depth of 1000 m. Consequently, the offshore equivalent of 
the Miria Formation in ODP 761B was probably deposited on the upper slope of the 
Wombat Plateau, but probably at a greater depth than in ODP 762C on the Exmouth 
Plateau. 
 
The planktonic foraminifera Abathomphalus mayaroensis occurs in Samples 24X-2, 
110-111 cm (201.3 m downhole) to 21X-4, 144-145 cm (176.1 m downhole), and the 
planktonic foraminifera Pseudotextularia intermedia, which first appears after the first 
occurrence of Abathomphalus mayaroensis in Howe et al. (2003), occurs in Samples 
24X-3, 95-96 cm (202.7 m downhole) to 21X-4, 144-145 cm (176.1 m downhole). 
Consequently, due to the lack of Abathomphalus mayaroensis at the base of the offshore 
equivalent of the Miria Formation in ODP 761B, the lower Upper Maastrichtian 
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KCCM6d composite calcareous microfossil zone of Howe et al. (2003) could not be 
identified. However, it is possible that this zone does occur between the Sample 24X-3, 
95-96 cm (202.7 m downhole), which has the first occurrence of Pseudotextularia 
intermedia, and the Sample 24X-4, 13-14 cm, which has the last occurrences of the 
calcareous nannofossils Eiffellithus eximius, Reinhardtites anthophorus, which 
Campbell et al. (2002) indicates has its last appearance at the same time as that of 
Eiffellithus eximius, and Zeugrhabdotus bicrescenticus. In Sample 24X-4, 13-14 cm, 
from the offshore equivalent of the Korojon Calcarenite, the co-occurrence of 
Eiffellithus eximius, Reinhardtites anthophorus, Quadrun trifidum (recorded as 
Uniplanarius trifidus and which last appears in the lowest Maastrichtian KCCM11 
composite calcareous microfossil zone of Howe et al. (2003)), Aspidolithus parcus 
constrictus (recorded as Broinsonia parca constricta), Tranolithus phacelosus (recorded 
as Tranolithus orionatus), Reinhardtites levis and Zeugrhabdotus bicrescenticus (Lees, 
2002), and probable absence of Abathomphalus mayaroensis, indicates that the upper 
Upper Campanian to lowest Upper Maastrichtian KCCM6e-13 composite calcareous 
microfossil zones of Howe et al. (2003) and the base of the UC19 to UC16 calcareous 
nannofossil zones of Burnett (1998) are missing. This disconformity was also recognised 
by Howe et al. (2003) but not Shafik (1998) or Lees (2002). 
 
Based on the occurrence of Pseudotextularia intermedia without the planktonic 
foraminifera Racemiguembelina powelli, Samples 24X-3, 95-96 cm (202.7 m downhole) 
to 24X-2, 110-111 cm (201.3 m downhole) belong to the lower Upper Maastrichtian 
KCCM6c composite calcareous microfossil zone of Howe et al. (2003) and the UC19 
calcareous nannofossil zone of Burnett (1998). This completely bioturbated to 
laminated, pale brown, nannofossil chalk with 10-25% foraminifera, up to 5% zeolite 
and Inoceramus shell debris (Subunit IIB) (Haq et al., 1990), contains the reworked 
calcareous nannofossils Reinhardtites levis, Tranolithus phacelosus, Aspidolithus parcus 
constrictus, the cold-water Petrarhabdus copulatus and the warm-water Quadrum 
trifidum. The calcareous nannofossil assemblage of this interval contains the warm-
water species Ceratolithoides aculeus, Ceratolithoides indiensis, Ceratolithoides 
verbeekii, Rhagodiscus splendens, Quadrum gothicum and Diazomatolithus lehmanii, 
and the cold-water species Vekshinella aachena, Crucibiscutum salebrosum and 
possibly Nephrolithus frequens. 
 
Sample 24X-2, 82-84 cm could belong to either the lower Upper Maastrichtian 
KCCM6b or KCCM6c composite calcareous microfossil zones of Howe et al. (2003). 
Lack of information on the planktonic foraminifera meant that this sample could not be 
assigned to a specific zone. Damotte (1992) recorded the ostracod species 
Paramunseyella exmouthensis Damotte, 1992 in this sample. 
 
Based on the occurrence of Racemiguembelina powelli (which is recorded as 
Racemiguembelina cf. fructicosa in Wonders (1992)) with the calcareous nannofossil 
Stoverius coangustatus, Samples 24X-2, 63-65 cm (200.85 m downhole) to 24X-1, 110-
111 cm (199.8 m downhole) belong to the lower Upper Maastrichtian KCCM6b 
composite calcareous microfossil zone of Howe et al. (2003) and the UC19 calcareous 
nannofossil zone of Burnett (1998). This completely bioturbated to laminated, pale 
brown, nannofossil chalk with 10-25% foraminifera, up to 5% zeolite and Inoceramus 
shell debris (Subunit IIB) (Haq et al., 1990), contains the reworked calcareous 
nannofossils Reinhardtites levis, Tranolithus phacelosus, Aspidolithus parcus 
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constrictus and the warm-water Quadrum trifidum. The calcareous nannofossil 
assemblage of this interval contains the warm-water species Ceratolithoides aculeus, 
Ceratolithoides indiensis, Ceratolithoides verbeekii and Rhagodiscus splendens, and the 
cold-water species Biscutum notaculum, Biscutum coronum, Gaarderella granulifera 
and Crucibiscutum salebrosum. 
 
It was not possible to identify the lower Upper Maastrichtian KCCM6a or the middle 
Upper Maastrichtian KCCM5 composite calcareous microfossil zones of Howe et al. 
(2003). However, it is possible that these zones occur between the Sample 24X-1, 110-
111cm (199.8 m downhole), which has the last occurrence of Stoverius coangustatus, 
and Sample 24X-1, 56-58 cm (199.28 m downhole), which has the first occurrence of 
the planktonic foraminifera Racemiguembelina  fructicosa. 
 
Based on the occurrence of Racemiguembelina  fructicosa without the planktonic 
foraminifera Contusotruncana contusa, Samples 24X-1, 56-58 cm (199.28 m downhole) 
to 23X-4, 60-62 cm (194.32 m downhole) belong to the middle Upper Maastrichtian 
KCCM4 composite calcareous microfossil zone of Howe et al. (2003) and the UC19 
calcareous nannofossil zone of Burnett (1998). At a depth of 198.7 m (Sample 24X-1, 0 
cm) there is a gradational change uphole, from the pale brown nannofossil chalk with 
10-25% foraminifera, up to 5% zeolites and Inoceramus shell debris (Subunit IIB), to a 
strongly bioturbated, occasionally faintly banded, white, nannofossil chalk with no more 
than 10% foraminifera, traces of clay and detrital mica, and at a depth of about 195 m 
radiolarian porcellanite chert nodules (Subunit IIA) (Haq et al., 1990). This interval 
contains the reworked calcareous nannofossils Ahmuellerella octoradiata, Petrarhabdus 
vietus, which last appears in the lower Upper Maastrichtian KCCM6a composite 
calcareous microfossil zone of Howe et al. (2003), Zeugrhabdotus bicrescenticus, 
Reinhardtites levis, Tranolithus phacelosus, Aspidolithus parcus constrictus, the cold-
water Petrarhabdus copulatus and the warm-water Quadrum trifidum. The calcareous 
nannofossil assemblage of this interval contains the warm-water species Ceratolithoides 
aculeus, Ceratolithoides indiensis, Ceratolithoides verbeekii, Rhagodiscus splendens, 
Quadrum gothicum and Flabellites oblongus, and the cold-water species Biscutum 
notaculum, Biscutum coronum, Gaarderella granulifera, Sollasites horticus and 
Crucibiscutum salebrosum. 
 
It was not possible to identify the middle Upper Maastrichtian KCCM3 composite 
calcareous microfossil zone of Howe et al. (2003), as the first occurrence of 
Contusotruncana contusa, which occurs in Sample 23X-3, 60-62 cm (192.82 m 
downhole), appears after the first occurrence of the calcareous nannofossil 
Lithraphidites quadratus, which occurs in Sample 23X-3, 110-111 cm (193.3 m 
downhole). However, it is possible that this zone occurs between the 23X-4, 60-62 cm 
(194.32 m downhole), which lacks Contusotruncana contusa, and Sample 23X-3, 110-
111 cm (193.3 m downhole). 
 
Based on the occurrence of Lithraphidites quadratus without the warm-water calcareous 
nannofossil Micula murus (although Howe et al. (2003) did record questionable Micula 
murus in this interval), Samples 23X-3, 110-111 cm (193.3 m downhole) to 23X-1, 89-
90 cm belong to the middle Upper Maastrichtian KCCM2b composite calcareous 
microfossil zone of Howe et al. (2003) and the UC20a calcareous nannofossil zone of 
Burnett (1998). The only reworked calcareous nannofossils in this strongly bioturbated, 
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occasionally faintly banded, white, nannofossil chalk with no more than 10% 
foraminifera and traces of clay and detrital mica (Subunit IIA) (Haq et al., 1990) are 
Ahmuellerella octoradiata and Reinhardtites levis. The calcareous nannofossil 
assemblage of this interval contains the warm-water species Ceratolithoides aculeus, 
Ceratolithoides indiensis, Rhagodiscus splendens, Quadrum gothicum and 
Diazomatolithus lehmanii, and the cold-water species Biscutum notaculum, Biscutum 
coronum, Gaarderella granulifera, Sollasites horticus, Crucibiscutum salebrosum, 
Nephrolithus frequens, Kamptnerius magnificus and Nephrolithus corystus. 
 
It is worth noting that in the more southerly ODP 762C, Nephrolithus frequens and 
Kamptnerius magnificus first appear in the lower Upper Maastrichtian KCCM6c 
composite calcareous microfossil zone of Howe et al. (2003). The appearance of 
Nephrolithus frequens in the same zone of ODP 761B is questionable Howe et al. 
(2003). Consequently, in the more northerly ODP 761B, Nephrolithus frequens and 
Kamptnerius magnificus do not appear until the middle Upper Maastrichtian KCCM2b 
composite calcareous microfossil zone of Howe et al. (2003). This reflects either the 
reduced Austral influence of the more northerly location of ODP 761B on the Wombat 
Plateau, prior to the middle Upper Maastrichtian KCCM2b composite calcareous 
microfossil zone of Howe et al. (2003) and the UC20a calcareous nannofossil zone of 
Burnett (1998), and/or, in the case of Nephrolithus frequens (Wise, 1988), migration 
from a high to a low latitude. The increased Austral influence of the middle Upper 
Maastrichtian KCCM2b composite calcareous microfossil zone of Howe et al. (2003) 
and the UC20a calcareous nannofossil zone of Burnett (1998) indicates a cooling event 
during this interval, an event which it has been noted previously occurs at the start of the 
UC20a zone. 
 
Based on the occurrence of Micula murus without the warm-water calcareous 
nannofossils Ceratolithoides kamptneri and Micula prinsii, Samples 23X-1, 81-83 cm to 
21X-6, 46-47 cm belong to the middle Upper Maastrichtian KCCM2a composite 
calcareous microfossil zone of Howe et al. (2003) and the UC20b calcareous 
nannofossil zone of Burnett (1998). The only reworked calcareous nannofossil in this 
strongly bioturbated, occasionally faintly banded, white, nannofossil chalk with no more 
than 10% foraminifera and traces of clay and detrital mica, and zeolites at the top 
(Subunit IIA) (Haq et al., 1990), is Ahmuellerella octoradiata. The calcareous 
nannofossil assemblage of this interval contains the warm-water species Micula murus, 
Ceratolithoides aculeus, Ceratolithoides indiensis, Rhagodiscus splendens, Quadrum 
gothicum and Cyclagelosphaera deflandrei, and the cold-water species Biscutum 
notaculum, Biscutum coronum, Gaarderella granulifera, Sollasites horticus, 
Crucibiscutum salebrosum, Nephrolithus frequens, Kamptnerius magnificus, 
Nephrolithus corystus, Vekshinella aachena and Cribrosphaerella daniae. 
 
It is worth noting that in the more southerly ODP 762C, Cribrosphaerella daniae first 
appears at the base of the lower Upper Maastrichtian KCCM6c composite calcareous 
microfossil zone of Howe et al. (2003), along with the only occurrence of the cold-water 
Misceomarginatus pleniporus in the offshore equivalent of the Miria Formation and the 
only occurrence of Kamptnerius magnificus in this interval. The increased Austral 
influence of the lower Upper Maastrichtian KCCM6c composite calcareous microfossil 
zone of Howe et al. (2003) in ODP 762C indicates cool conditions at the start of the 
Late Maastrichtian, which it has been noted previously was associated with reworking of 
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the underlying sediments, due to a cold current flowing northwards along the 
northwestern margin of Australia from Antarctica to the Tethys Ocean (Howe et al., 
2003). 
 
Near the top of the middle Upper Maastrichtian KCCM2a composite calcareous 
microfossil zone of Howe et al. (2003) and the UC20b calcareous nannofossil zone of 
Burnett (1998), Cribrosphaerella daniae reappears in ODP 762C and, in the more 
northerly ODP 761B, appears for the first time, along with the reappearance of 
Kamptnerius magnificus. The appearance of Cribrosphaerella daniae seems to reflect a 
change in this interval. In ODP 761B, the appearance of the cold-water Cribrosphaerella 
daniae occurs not long after the disappearance of the warm-water calcareous 
nannofossils Quadrum gothicum and Ceratolithoides indiensis, whilst in the more 
southerly ODP 762C it reappears not long after the disappearance of the warm-water 
Ceratolithoides aculeus. In ODP 762C, these changes correlate with a lithological 
change (Haq et al., 1990) and a change in the relative frequencies of the major 
planktonic foraminiferal groups, percentage of benthonic foraminfera and planktonic to 
benthonic foraminiferal ratio (Zepeda, 1998), indicative of a marine transgression. This 
change may reflect the second positive shift in the global cooling event of the C30n 
magnetochron, indicating renewed cooling, that occurs not long after the start of the 
UC20b zone. The calcareous nannofossils of this zone on the Exmouth and Wombat 
Plateaus seem to indicate that the lower part of this zone has a stronger Tethyan 
influence than the upper part of this zone. This implies a warming trend for the lower 
part of the zone and a cooling trend for the upper part of this zone, which correlates with 
the broad trends observed in Figure 7 of Thibault and Gardin (2007). 
 
It was not possible to identify the upper Upper Maastrichtian KCCM1b composite 
calcareous microfossil zone of Howe et al. (2003) and the UC20c calcareous nannofossil 
zone of Burnett (1998). However, it is possible that this zone occurs between the Sample 
21X-6, 46-47cm, which lacks Ceratolithoides kamptneri and Micula prinsii, and Sample 
21X-5, 140-141 cm (177.6 m downhole), which has the first occurrence of Micula 
prinsii. However, whilst the warm-water Ceratolithoides kamptneri is recorded by Howe 
et al. (2003) from petroleum exploration wells in the Northern Bonaparte Basin, at the 
northern end of the North West Shelf, and by Shafik (1990) in the Giralia Anticline of 
the Southern Carnarvon Basin, near the southern end of the North West Shelf, it is not 
recorded in ODP 761B, ODP 762C, or Zeewulf-1 of the Northern Carnarvon Basin. 
 
Based on the occurrence of Micula prinsii with other Cretaceous microfossils, Samples 
21X-5, 140-141 cm (177.6 m downhole) to 21X-4, 129-130 cm belong to the uppermost 
Maastrichtian KCCM1a composite calcareous microfossil zone of Howe et al. (2003) 
and the UC20d calcareous nannofossil zone of Burnett (1998). The lithology has 
changed and the only reworked calcareous nannofossils in this white, nannofossil chalk 
with foraminifera and greyish brown radiolarian porcellanite chert nodules overlain by a 
bioturbated and mottled, very pale brown, nannofossil chalk (Subunit IIA) (Haq et al., 
1990) are Ahmuellerella octoradiata and Zeugrhabdotus bicrescenticus. The calcareous 
nannofossil assemblage of this interval contains the warm-water species Micula prinsii, 
Micula murus and Rhagodiscus splendens, and the cold-water species Biscutum 
notaculum, Gaarderella granulifera, Sollasites horticus, Crucibiscutum salebrosum, 
Nephrolithus frequens, Kamptnerius magnificus, Nephrolithus corystus, Vekshinella 
aachena, Cribrosphaerella daniae, Acuturris scotus and Neocrepidolithus watkinsii. 
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In the uppermost Maastrichtian KCCM1a composite calcareous microfossil zone of 
Howe et al. (2003) and the UC20d calcareous nannofossil zone of Burnett (1998), in 
both ODP 761B and ODP 762C, with the exception of Micula murus, the warm-water 
calcareous nannofossils gradually disappear. The warm-water Rhagodiscus splendens 
disappears from the more southerly ODP 762C near the bottom of the uppermost 
Maastrichtian KCCM1a composite calcareous microfossil zone of Howe et al. (2003) 
and the UC20d calcareous nannofossil zone of Burnett (1998), whereas it disappears 
near the top of this zone in the more northerly ODP 761B. The earlier disappearance of 
this warm-water species in ODP 762C than ODP 761B reflects the closer proximity of 
ODP 761B to the Tethyan/Transitional Realm boundary. A similar pattern occurs in the 
underlying middle Upper Maastrichtian KCCM2a composite calcareous microfossil 
zone of Howe et al. (2003) and the UC20b calcareous nannofossil zone of Burnett 
(1998), where the warm-water Ceratolithoides aculeus disappears from ODP 762C just 
before the lithological and foraminiferal changes observed in the middle of this zone, 
compared with near the top of this zone in ODP 761B. 
 
The uppermost Maastrichtian KCCM1a composite calcareous microfossil zone of Howe 
et al. (2003) and the UC20d calcareous nannofossil zone of Burnett (1998) is associated 
with the abrupt, short-term, intense greenhouse warming event that is tied to the Deccan 
continental flood basalts of India and the end of Cretaceous cooling event. The decline 
in Tethyan influence observed in ODP 761B and ODP 762C reflects the transition from 
warm to cool conditions. The re-occurrence of reworked Zeugrhabdotus bicrescenticus, 
at the top of this interval in ODP 761B, probably represents the end of Cretaceous 
cooling event. The change in lithology uphole from a white, nannofossil chalk with 
foraminifera and greyish brown radiolarian porcellanite chert nodules at the top, to a 
bioturbated and mottled, very pale brown, nannofossil chalk, also probably represents 
the change from the latest Maastrichtian greenhouse warming event to the end of 
Cretaceous cooling event. 
 
At a depth of 175.9 m (Sample 21X-4, 122cm) there is a sharp change from a lower 
Paleocene, dark greenish grey, bioturbated and mottled, clay-rich, nannofossil chalk 
with foraminifera to an Upper Maastrichtian, bioturbated and mottled, very pale brown, 
nannofossil chalk (Haq et al., 1990). 
 
ODP 764A 
 
ODP 764A, on the outer edge of the Wombat Plateau, is located 40 km south-southeast 
of ODP 761B. The two sites can be correlated but at ODP 764A the Cretaceous 
sequence overlying the Upper Triassic shallow marine carbonates is condensed and has 
clearly “been winnowed by current action” (Haq et al., 1990). At ODP 761B the 
Cretaceous sequence is about 80 m thick, whereas at ODP 764A it is only 8 m thick and 
is bound by unconformities (Haq et al., 1990). 
 
Damotte (1992) recorded Paramunseyella exmouthensis Damotte, 1992, Philoneptunus 
aspericava (Bate, 1972) and species of Cytherella in Sample 5R-4, 64-66 cm, “which 
suggests an outer neritic to light pelagic deposit”. The planktonic foraminifera 
Abathomphalus mayaroensis is recorded in the underlying Sample 5R-CC and the 
erosional boundary with the overlying upper Eocene chalk occurs at Sample 5R-3, 52 
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cm (Haq et al., 1990). Consequently, Sample 5R-4, 64-66 cm belongs to the offshore 
equivalent of the Upper Maastrichtian Miria Formation. The occurrence of the 
calcareous nannofossil Eiffellithus eximius in Samples 5R-3, 55-56 cm and 5R-CC (Haq 
et al., 1990) is due to reworking. The co-occurrence of Abathomphalus mayaroensis and 
Eiffellithus eximius in Sample 5R-CC indicates that the upper Upper Campanian to 
lowest Upper Maastrichtian KCCM6e-13 composite calcareous microfossil zones of 
Howe et al. (2003) and the base of the UC19 to UC16 calcareous nannofossil zones of 
Burnett (1998) are missing. This disconformity was also recognised in ODP 761B. 
 
In ODP 764A the offshore equivalent of the Miria Foramtion is a white, nannofossil 
chalk (Unit III), which was deposited in an “offshore, deep marine, pelagic” 
environment, “well above the carbonate compensation depth” (Haq et al., 1990). 
 
ODP 766A 
 
ODP 766A, occurs at the base of the steep western margin of the Exmouth Plateau, on 
the continent/ocean boundary, just north of the Cape Range transform, which separates 
the Gascoyne and Cuvier Abyssal Plains (Gradstein et al. 1990). “Strong erosional 
bottom currents” were active during the Late Cretaceous and “relatively starved, deep-
water, open-marine conditions” prevailed (Buffler et al., 1992). 
 
The pelagic Upper Maastrichtian interval is condensed and occurs within pink, white 
and very pale brown nannofossil oozes with brown clayey nannofossil oozes and rare 
graded beds (Subunit IIA) (Gradstein et al. 1990). The Cretaceous/Tertiary boundary 
occurs in “mottled pale brown nannofossil ooze” within Sample 10R-2 (Gradstein et al. 
1990), and Moran (1992) notes that Sample 10R-2, 141-142 cm contains early 
Paleocene and Late Cretaceous calcareous nannofossils. Consequently, records of the 
calcareous nannofossil Micula prinsii in the interval from Samples 10R-2, 130 cm to 
10R-2, 100 cm Kaminski et al. (1992), and Micula murus in Samples 10R-2, 141-142 
cm to 10R-2, 68-69 cm Moran (1992) indicates reworking of the underlying middle 
Upper to uppermost Maastrichtian KCCM1a-2a composite calcareous microfossil zones 
of Howe et al. (2003) and the UC20d-b calcareous nannofossil zones of Burnett (1998), 
which is identified in Samples 10R-3, 13-14 cm Moran (1992) to 10R-3, 0-1 cm 
(Gradstein et al. 1990), based on the occurrence of  Micula murus. The lowest 
occurrence of Micula murus is recorded at a depth of 88.5 m within the interval from 
Samples 10R-CC to 10R-3, 50 cm Kaminski et al. (1992). 
 
Moran (1992) records the highest occurrence of the calcareous nannofossil Reinhardtites 
levis in Sample 10R-CC, and Kaminski et al. (1992) indicate that the highest occurrence 
of the calcareous nannofossil Aspidolithus parcus constrictus (recorded as Broinsonia 
parca constricta) occurs in the interval from Samples 10R-CC to 10R-3, 50 cm, at a 
depth of 94.7 m along with the highest occurrence of Reinhardtites levis. Consequently, 
the middle to upper Lower Maastrichtian KCCM7-8a composite calcareous microfossil 
zones of Howe et al. (2003) and the UC18-17 calcareous microfossil zones of Burnett 
(1998) are missing. This represents most of the disconformity which was recognised on 
the Exmouth Plateau in ODP 762C. Evidence of reworking, above Sample 10R-CC, 
exists in Sample 10R-3, 72.5-90 cm where there is “ a thin polymictic conglomerate 
with a matrix of foraminiferal-nannofossil ooze (clasts mostly ?igneous; clay clast near 
base)” (Gradstein et al. 1990). 
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Above sample 10R-CC the foraminifera, especially the planktonic foraminifera, are 
severely affected by selective dissolution. No ostracods were recorded from this interval. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Burnett (1998) Howe et al. (2003)
1 (0-5 cm)                                        
2 (5-10 cm)               
3 (10-15 cm)                      
4 (15-20 cm)                            
5 (20-25 cm)                 
6 (25-30 cm)             
7 (30-35 cm)                     
8 (35-40 cm)                
9 (40-45 cm)                      
10 (45-50 cm)                                    
11 (50-55 cm)                   
12 (55-60 cm)           
13 (60-65 cm)                        
14 (65-70 cm)                              
15 (70-75 cm)                       
16 (75-80 cm)           
17 (80-85 cm)                   
18 (85-90 cm)                                
19 (90-95 cm)                   
20 (95-100 cm)            
21 (100-105 cm)                   
22 (105-110 cm)                                    
23 (110-115 cm)                  
24 (115-120 cm)          
25 (120-125 cm)                   
26 (125-130 cm)         
27 (130-135 cm)                                    
28 (135-140 cm)           
29 (140-145 cm)                   
30 (145-150 cm)                         
Table A3. Distribution of calcareous microfossils in KG-1 (foraminifera derived from Grey (1986)).  Tethyan & Transitional species  Tethyan species  Reworked element
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Table A3 continued. Distribution of calcareous microfossils in KG-1 (foraminifera derived from Grey (1986)).
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Burnett (1998) Howe et al. ( 2003)
76 (1804 m)   
73 (1828 m)    
72 (1835 m)        
71 (1844 m)       
69 (1860 m)         
68 (1868 m)          
67 (1876 m)       
 Tethyan & Transitional species  Tethyan (warm-water) species  Cold-water species
 Reworked element  Neritic/continental shelf species K. magnificus is also a neritic species
Table A4. Distribution of calcareous microfossils in Zeewulf-1 (planktonic foraminifera and calcareous nannofossils derived from the Well Competion Report).
P
a
r
a
m
u
n
s
e
y
e
l
l
a
 
s
p
.
 
3
 
(
G
e
n
u
s
 
B
 
s
p
.
 
o
f
 
B
a
t
e
 
(
1
9
7
2
)
)
H
e
t
e
r
o
h
e
l
i
x
 
g
l
o
b
u
l
o
s
a
R
h
a
g
o
d
i
s
c
u
s
 
a
n
g
u
s
t
u
s
UC19 KCCM6c-d
S
o
l
l
a
s
i
t
e
s
 
h
o
r
t
i
c
u
s
G
l
o
b
o
t
r
u
n
c
a
n
a
 
a
r
c
a
G
u
b
l
e
r
i
n
a
 
c
u
v
i
l
l
i
e
r
i
R
a
c
e
m
i
g
u
e
m
b
e
l
i
n
a
 
f
r
u
c
t
i
c
o
s
a
G
l
o
b
o
t
r
u
n
c
a
n
a
 
f
a
l
s
o
s
t
u
a
r
t
i
G
l
o
b
o
t
r
u
n
c
a
n
e
l
l
a
 
h
a
v
a
n
e
n
s
i
s
C
o
n
t
u
s
o
t
r
u
n
c
a
n
a
 
c
f
.
 
c
o
n
t
u
s
a
G
l
o
b
o
t
r
u
n
c
a
n
a
 
r
o
s
e
t
t
a
G
l
o
b
o
t
r
u
n
c
a
n
i
t
a
 
s
t
u
a
r
t
i
A
b
a
t
h
o
m
p
h
a
l
u
s
 
m
a
y
a
r
o
e
n
s
i
s
R
u
g
o
g
l
o
b
i
g
e
r
i
n
a
 
p
e
n
n
y
i
P
l
a
n
o
g
l
o
b
u
l
i
n
a
 
b
r
a
z
o
e
n
s
i
s
UC20a KCCM2b
P
l
a
n
k
t
o
n
i
c
 
F
o
r
a
m
i
n
i
f
e
r
a
ZEEWULF-1 CALCAREOUS 
MICROFOSSIL DISTRIBUTION AND 
BIOSTRATIGRAPHIC 
REINTERPRETATION
Biostratigraphic Zone
SWC No. 
(Depth)
C
a
l
c
a
r
e
o
u
s
 
N
a
n
n
o
f
o
s
s
i
l
s
P
s
e
u
d
o
t
e
x
t
u
l
a
r
i
a
 
e
l
e
g
a
n
s
H
e
t
e
r
o
h
e
l
i
x
 
a
m
e
r
i
c
a
n
s
R
u
g
o
g
l
o
b
i
g
e
r
i
n
a
 
r
u
g
o
s
a
H
e
t
e
r
o
h
e
l
i
x
 
s
t
r
i
a
t
a
M
a
r
g
i
n
o
t
r
u
n
c
a
n
a
 
m
a
r
g
i
n
a
t
a
G
l
o
b
o
t
r
u
n
c
a
n
a
 
l
i
n
n
e
i
a
n
a
L
a
e
v
i
h
e
t
e
r
o
h
e
l
i
x
 
g
l
a
b
r
a
n
s
R
a
c
e
m
i
g
u
e
m
b
e
l
i
n
a
 
p
o
w
e
l
l
i
R
o
t
a
l
i
p
o
r
a
 
d
e
e
c
k
e
i
Z
e
u
g
r
h
a
b
d
o
t
u
s
 
b
i
c
r
e
s
c
e
n
t
i
c
u
s
C
r
e
t
a
r
h
a
b
d
u
s
 
c
o
n
i
c
u
s
M
i
c
u
l
a
 
d
e
c
u
s
s
a
t
a
C
e
r
a
t
o
l
i
t
h
o
i
d
e
s
 
a
c
u
l
e
u
s
L
i
t
h
r
a
p
h
i
d
i
t
e
s
 
q
u
a
d
r
a
t
u
s
P
r
e
d
i
s
c
o
s
p
h
a
e
r
a
 
c
r
e
t
a
c
e
a
R
e
t
e
c
a
p
s
a
 
c
r
e
n
u
l
a
t
a
A
h
m
u
e
l
l
e
r
e
l
l
a
 
o
c
t
o
r
a
d
i
a
t
a
L
i
t
h
r
a
p
h
i
d
i
t
e
s
 
c
a
r
n
i
o
l
e
n
s
i
s
W
a
t
z
n
a
u
e
r
i
a
 
b
a
r
n
e
s
a
e
A
s
p
i
d
o
l
i
t
h
u
s
 
p
a
r
c
u
s
C
r
i
b
r
o
s
p
h
a
e
r
e
l
l
a
 
e
h
r
e
n
b
e
r
g
i
i
M
a
n
i
v
i
t
e
l
l
a
 
p
e
m
m
a
t
o
i
d
e
a
C
y
l
i
n
d
r
a
l
i
t
h
u
s
 
s
e
r
r
a
t
u
s
E
i
f
f
e
l
l
i
t
h
u
s
 
t
u
r
r
i
s
e
i
f
f
e
l
i
i
P
a
r
a
m
u
n
s
e
y
e
l
l
a
 
e
x
m
o
u
t
h
e
n
s
i
s
 
D
a
m
o
t
t
e
,
 
1
9
9
2
S
c
e
p
t
i
c
o
c
y
t
h
e
r
e
i
s
 
o
r
n
a
t
a
 
B
a
t
e
,
 
1
9
7
2
T
e
t
r
a
p
o
d
o
r
h
a
b
d
u
s
 
d
e
c
o
r
u
s
R
e
i
n
h
a
r
d
t
i
t
e
s
 
a
n
t
h
o
p
h
o
r
u
s
K
a
m
p
t
n
e
r
i
u
s
 
m
a
g
n
i
f
i
c
u
s
A
h
m
u
e
l
l
e
r
e
l
l
a
 
r
e
g
u
l
a
r
i
s
G
a
r
t
n
e
r
a
g
o
 
o
b
l
i
q
u
u
m
O
s
t
r
a
c
o
d
s
A
p
a
t
e
l
o
s
c
h
i
z
o
c
y
t
h
e
r
e
 
g
e
n
i
c
u
l
a
t
a
 
B
a
t
e
,
 
1
9
7
2
Burnett (1998) Howe et al. (2003)
91 (1903.9 m) 
90 (1906 m) 
89 (1911 m)  
88 (1919 m)        
87 (1926.9 m)  cf   
86 (1935 m) KCCM4        
85 (1943 m) KCCM5-6b      
84 (1950.9 m) KCCM6c-d    
 Tethyan & Transitional species  Tethyan species  Reworked element
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Table A5. Distribution of calcareous microfossils in Eendracht-1 (planktonic foraminifera derived from the Well Competion Report).
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Burnett (1998) Howe et al. (2003)
43X-1, 35-37 cm (554.87 m)  cf 
43X-1, 95-96 cm (555.5 m)   
43X-1, 144-146 cm (555.96 m)     
43X-2, 60-62 cm (556.60 m)  cf       
43X-4, 45-46 cm (559.5 m)       cf     Tethyan & Transitional species
43X-4, 109-111 cm (560.09 m) UC20d-b KCCM1a-2a  cf             
43X-5, 45-47 cm 
44X-1, 60-62 cm (564.62 m)   
44X-1, 85-86 cm (564.9 m)      cf cf   cf   Tethyan (warm-water) species
44X-2, 109-111 cm (566.59 m)             
44X-4, 54-56 cm (569.04 m)            
44X-4, 60-62 cm (569.12 m)   
44X-4, 84-85 cm (569.3 m)        cf    ?  Austral (cold-water) species
44X-6, 66-67 cm (572.2 m)          ?
45X-1, 60-62 cm (574.12 m)   
45X-2, 100-101 cm (576.0 m)          ?
45X-2, 112-114 cm (576.12 m) UC20b-a KCCM2a-b                 Austral & Transitional species
45X-3, 60-62 cm (577.12 m)   
45X-4, 127-128 cm (579.3 m)   ?      cf ? 
45X-5, 25-27 cm (579.75 m) UC20a-19 KCCM2b-3             
46X-1, 58-60 cm (583.60 m)      Reworked element
46X-1, 97-98 cm (584.0 m)      cf cf   cf  cf 
46X-3, 25-27 cm (586.25 m)             
46X-3, 61-63 cm (586.63 m) 
46X-3, 116-117 cm (587.2 m)       cf      Neritic/continental shelf species
46X-4, 135-137 cm (588.85 m) KCCM5-6a            
47X-1, 60-62 cm (593.12 m)       
47X-1, 107-108 cm (593.6 m)    cf    
47X-2, 85-89 cm (594.85 m)  cf   cf        K. magnificus is also a neritic species
47X-3, 22-23cm (595.7 m)     cf   
47X-4, 63-65 cm 
47X-4, 66-68 cm (596.18 m)     
47X-5, 106-107 cm (599.6 m)      cf cf     P. copulatus is also a cold-water species
47X-6, 60-61 cm (600.6 m)   cf  cf
47X-6, 64-66 cm (600.64 m)   ?       
47X-7, 16-17 cm (601.7 m)   cf cf  
Table A6. ODP762C distribution of planktonic foraminifera derived from Wonders (1992), Zepeda (1998) and Howe et al. (2003), calcareous nannofossils from Bralower & Siesser (1992) and Howe et al. (2003) and ostracods from Damotte (1992).
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Burnett (1998) Howe et al. (2003)
43X-1, 48-49 cm cm  
43X-1, 95-96 cm (555.5 m)       ?
43X-2, 34-35 cm          
43X-2, 110-111 cm (557.0 m)         
43X-3, 75-76 cm            
43X-4, 45-46 cm (559.5 m)             
43X-4, 129-130 cm         
43X-5, 29-30 cm         
43X-5, 90-91 cm (561.4 m)          
43X-CC            
44X-1, 85-86 cm (564.9 m)            
44X-1, 129-130 cm           
44X-2, 30-31 cm        
44X-3, 129-130 cm          
44X-4, 30-31 cm             
44X-4, 84-85 cm (569.3 m)           
44X-5, 129-130 cm            
44X-6, 66-67 cm (572.2 m)             
44X-CC           
45X-1, 129-130 cm           
45X-2, 30-31 cm           
45X-2, 100-101 cm (576.0 m)             
45X-3, 30-31 cm            
45X-3, 88-89 cm (577.4 m)      ?       
45X-4, 30-31 cm            
45X-4, 127-128 cm (579.3 m)      ?   ?
45X-5, 43-44 cm (579.9 m)          
45X-5, 129-130 cm           
45X-CC        
46X-1, 25-26 cm          
46X-1, 97-98 cm (584.0 m)        
46X-2, 32-33 cm            
46X-3, 31-32 cm             
46X-3, 116-117 cm (587.2 m)           
46X-4, 31-32 cm               
46X-4, 127-128 cm (588.8 m)             
46X-5, 32-33 cm            
46X-CC            
47X-1, 33-35 cm                
47X-1, 107-108 cm (593.6 m)            
47X-2, 24-26 cm                 
47X-3, 22-23cm (595.7 m)  ?         
47X-3, 124-126 cm               
47X-4, 19-21 cm           
47X-5, 30-32 cm             
47X-5, 106-107 cm (599.6 m)           
47X-6, 60-61 cm (600.6 m)    
47X-7, 16-17 cm (601.7 m)      
T
r
a
n
o
l
i
t
h
u
s
 
p
h
a
c
e
l
o
s
u
s
L
i
t
h
r
a
p
h
i
d
i
t
e
s
 
q
u
a
d
r
a
t
u
s
G
a
r
t
n
e
r
a
g
o
 
o
b
l
i
q
u
u
m
R
h
a
g
o
d
i
s
c
u
s
 
a
s
p
e
r
R
h
a
g
o
d
i
s
c
u
s
 
p
l
e
b
e
i
u
s
C
h
i
a
s
t
o
z
y
g
u
s
 
l
i
t
t
e
r
a
r
i
u
s
H
e
l
i
c
o
l
i
t
h
u
s
 
t
r
a
b
e
c
u
l
a
t
u
s
P
e
t
r
a
r
h
a
b
d
u
s
 
c
o
p
u
l
a
t
u
s
B
i
s
c
u
t
u
m
 
c
o
r
o
n
u
m
P
r
e
d
i
s
c
o
s
p
h
a
e
r
a
 
a
r
k
h
a
n
g
e
l
s
k
y
i
UC19
KCCM2b
KCCM6c
KCCM6d
UC20a
KCCM6a
KCCM3-5
KCCM5
KCCM1aUC20d
KCCM2aUC20b
S
t
a
u
r
o
l
i
t
h
i
t
e
s
 
e
l
o
n
g
a
t
u
s
D
i
s
c
o
r
h
a
b
d
u
s
 
r
o
t
a
t
o
r
i
u
s
C
e
r
a
t
o
l
i
t
h
o
i
d
e
s
 
a
c
u
l
e
u
s
C
a
l
c
a
r
e
o
u
s
 
N
a
n
n
o
f
o
s
s
i
l
s
P
r
e
d
i
s
c
o
s
p
h
a
e
r
a
 
s
p
i
n
o
s
a
P
r
e
d
i
s
c
o
s
p
h
a
e
r
a
 
g
r
a
n
d
i
s
T
e
t
r
a
p
o
d
o
r
h
a
b
d
u
s
 
d
e
c
o
r
u
s
W
a
t
z
n
a
u
e
r
i
a
 
b
a
r
n
e
s
a
e
M
a
r
k
a
l
i
u
s
 
i
n
v
e
r
s
u
s
M
i
c
u
l
a
 
c
u
b
i
f
o
r
m
i
s
ODP762C CALCAREOUS MICROFOSSIL DISTRIBUTION 
AND BIOSTRATIGRAPHIC REINTERPRETATION
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Table A6 continued. ODP762C distribution of planktonic foraminifera derived from Wonders (1992), Zepeda (1998) and Howe et al. (2003), calcareous nannofossils from Bralower & Siesser (1992) and Howe et al. (2003) and ostracods from Damotte (1992).
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Burnett (1998) Howe et al. (2003)
21X-4, 144-145 cm (176.1 m)  cf 
21X-5, 140-141 cm (177.6 m)   cf     Tethyan & Transitional species
22X-1, 112-113 cm (180.8 m)     cf      cf
22X-3, 60-26 cm (183.32 m)      
22X-3, 115-116 cm (183.9 m)          
22X-4, 60-62 cm (184.82 m)        Tethyan (warm-water) species
22X-5, 60-62 cm (186.32 m)    
22X-5, 106-107 cm (186.8 m)          
23X-1, 20-21 cm (189.4 m)    cf       
23X-1, 60-62 cm (189.82 m)       Austral (cold-water) species
23X-2, 57-59 cm (191.29 m)           
23X-2, 110-111 cm (191.8 m)   cf        
23X-3, 60-62 cm (192.82 m)           
23X-4, 60-62 cm (194.32 m)           Reworked element
23X-5, 5-6 cm (195.3 m)         
24X-1, 56-58 cm (199.28 m)         
24X-1, 110-111 cm (199.8 m)      
24X-2, 63-65 cm (200.85 m)      cf      Neritic/continental shelf species
24X-2, 82-84 cm KCCM6b-c 
24X-2, 110-111 cm (201.3 m)        
24X-3, 60-62 cm (202.32 m)        K. magnificus is also a neritic species
24X-3, 95-96 cm (202.7 m)      A. scotus is also a neritic species
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Table A7. ODP761B distribution of planktonic foraminifera derived from Wonders (1992) and Howe et al.  (2003), calcareous nannofossils from Bralower & Siesser (1992), Lees (2002) and Howe et al.  (2003) and ostracods from Damotte (1992).
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Burnett (1998) Howe et al. (2003)
21X-4, 129-130 cm 
21X-4, 140-141 cm             
21X-4, 144-145 cm (176.1 m)          
21X-4, 149-150 cm            
21X-5, 43-44 cm      cf           
21X-5, 61-62 cm             
21X-5, 140-141 cm (177.6 m)         
21X-6, 46-47 cm              
21X-CC              
22X-1, 17-18 cm              
22X-1, 40-41 cm               
22X-1, 112-113 cm (180.8 m)           
22X-2, 18-19cm            
22X-2, 40-41 cm              
22X-3, 18-19cm            
22X-3, 40-41 cm           
22X-3, 115-116 cm (183.9 m)           
22X-4, 18-19 cm  cf            
22X-4, 80-82 cm           
22X-4, 140-141 cm (185.6 m)           ?
22X-5, 18-19 cm            
22X-5, 40-41 cm           
22X-5, 106-107 cm (186.8 m)             ?
22X-6, 17-18 cm             
23X-1, 20-21 cm (189.4 m)           
23X-1, 81-83 cm              
23X-1, 89-90 cm             
23X-1, 140-141 cm (190.6 m)           ?
23X-2, 40-41 cm           
23X-2, 88-89 cm           
23X-2, 110-111 cm (191.8 m)        
23X-3, 40-41 cm         
23X-3, 88-89 cm              
23X-3, 110-111 cm (193.3 m)         
23X-4, 77-79 cm       
23X-4, 87-88 cm              
23X-5, 5-6 cm (195.3 m)          
23X-5, 40-41 cm        
23X-5, 84-85 cm           
23X-5, 120-121 cm (196.4 m)        
23X-CC        
24X-1, 14-15 cm        
24X-1, 39-40 cm          
24X-1, 110-111 cm (199.8 m)      
24X-2, 11-12 cm          
24X-2, 45-46 cm        
24X-2, 110-111 cm (201.3 m)       ?
24X-3, 16-17 cm      
24X-3, 37-38 cm       
24X-3, 95-96 cm (202.7 m) 
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Table A7 continued. ODP761B distribution of planktonic foraminifera derived from Wonders (1992) and Howe et al.  (2003), calcareous nannofossils from Bralower & Siesser (1992), Lees (2002) and Howe et al. (2003) and ostracods from Damotte (1992).
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Biostratigraphic Zone
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KCCM6b
KCCM4
KCCM1aUC20d
UC19
KCCM6c
ODP761B
21X-4, 129-130 cm 
21X-4, 140-141 cm 
21X-4, 144-145 cm   
21X-4, 149-150 cm    
21X-5, 43-44 cm        
21X-5, 61-62 cm 
21X-5, 140-141 cm      
21X-6, 46-47 cm           
21X-CC   
22X-1, 17-18 cm          
22X-1, 40-41 cm   
22X-1, 112-113 cm        
22X-2, 18-19cm          
22X-2, 40-41 cm     
22X-3, 18-19cm          
22X-3, 40-41 cm    
22X-3, 115-116 cm       
22X-4, 18-19 cm              
22X-4, 80-82 cm       
22X-4, 140-141 cm       
22X-5, 18-19 cm            
22X-5, 40-41 cm   
22X-5, 106-107 cm      
22X-6, 17-18 cm           
23X-1, 20-21 cm       
23X-1, 81-83 cm         
23X-1, 89-90 cm            
23X-1, 140-141 cm      
23X-2, 40-41 cm      
23X-2, 88-89 cm        
23X-2, 110-111 cm       
23X-3, 40-41 cm    
23X-3, 88-89 cm             
23X-3, 110-111 cm      
23X-4, 77-79 cm      
23X-4, 87-88 cm               
23X-5, 5-6 cm       ?  
23X-5, 40-41 cm      
23X-5, 84-85 cm            
23X-5, 120-121 cm        
23X-CC      
24X-1, 14-15 cm             
24X-1, 39-40 cm      
24X-1, 110-111 cm          
24X-2, 11-12 cm           
24X-2, 45-46 cm       
24X-2, 110-111 cm       
24X-3, 16-17 cm           
24X-3, 37-38 cm        
24X-3, 95-96 cm      
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Table A7 continued. ODP761B distribution of planktonic foraminifera derived from Wonders (1992) and Howe et al.  (2003), calcareous nannofossils from Bralower & Siesser (1992), Lees (2002) and Howe et al. (2003) and ostracods from Damotte (1992).
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